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This dissertation investigates two health-related topics among middle-aged and older
people. The first topic concentrates on the process of health capital accumulation.
Specifically, I show how health capital is accumulated through investment process
when people take health depreciation into account; and how socio-economic status
would improve people’s health in their later life. The second topic turns to a perspec-
tive of policy arrangements for middle-aged and old people with poor health and being
in care needs. More concretely, I estimate how the public long-term care insurance
(LTCI) benefits frail older people and their family caregivers in terms of stimulating
the caregivers’ labor force participation (LFP). Besides, I explore how moral hazard
drives up public expenditures on LTCI. The findings have comprehensive insights into
contributions and challenges the LTCI faces, providing valuable implications for policy
arrangements. The dissertation is arranged as below.
After a general introduction of background and motivation of the thesis in chapter
1, I show the process of health capital accumulation by extending the Grossman
health capital model in chapter 2. I relax the original assumption of exogenous health
depreciation rate to model the direct and indirect channels through which people
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improve their health through health investment. I confirm that the marginal cost
of health supply decreases when the depreciation rate is an endogenous function of
health investment and that the marginally reduced cost is greater for people in later
life stages. I also find that the indirect channel—depreciation rate reduction—is more
effective for people in good health; and the direct channel—the classical Grossman
model—is more powerful for those in poor health.
Chapter 3 investigates the marriage protection and selection effects on health among
middle-aged and old people. I utilize positive self-rated health to present subjective
health status and lifestyle diseases to present objective health status. Using dynamic
panel data approach to control for endogeneity issue, I find that being married does
protect respondents’ subjective health, in terms of a higher probability of self-ratings
of “very good” or “good” health statuses. Nonetheless, I find that marriage deterio-
rated their objective health in terms of a higher probability of having lifestyle diseases.
Regarding the selection effect, better subjective health selects people into marriage,
but the influence is fairly modest. Objective health status also selects people into mar-
riage, where the effect is positive for women but negative for men. The findings show
relationship between marriage and health, which would have substantial implications
for health-related policy arrangements for middle-aged and old people in Japan.
Chapter 4 shows benefits of social network involvement on improving mental health
among middle-aged and old people. I apply the random-effects generalized least
squares method to estimate the effect of one- and two-year lagged values for involve-
ment in social networks on psychological distress. I utilize Kessler 6 (K6) to measure
psychological distress and stratify social network involvement into three layers: inner
(well-established friendship ties and participating in hobby activates), intermediary
(neighborly ties), and outer (involvement in community activities). I find negative
associations between all three layers and K6, with the strongest association being for
the inner layer. I further observe that one-year lagged involvement in the inner and
intermediary layers lead to lower K6. However, the protective influences of social
networks generally diminish over time. In addition, the protection of social network
involvement on mental health is stronger for women than for men, and involvement
in social networks is especially important for improving mental health among people
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with psychological distress. These findings are valuable for policymaking to prevent
mental health deterioration.
Chapter 5 evaluates a spillover effect of the LTCI as a policy to stimulate family
caregivers’ LFP. I apply difference-in-difference propensity score matching method
to estimate the spillover effect in two periods: before and after the introduction of
the LTCI in 2000, and before and after its major amendment in 2006. The results
show that the LTCI introduction has positive spillover effects on family caregivers’
LPF, and the effects varies by gender and age. In contrast, the amendment generally
has negative spillover effects on LFP of family caregivers. The findings highlight the
importance of such spillover effect of LTCI, since expanding labor market supply to
sustain the economy would be a priority for the aging world in the coming decades.
Chapter 6 documents the presence and magnitude of moral hazard in the LTCI market.
I use 120-month claim records covering the entire market. By applying propensity
score matching method, I extract subsample being as-good-as random for identifying
the moral hazard. The results show an 0.98-million-yen higher lifetime costs of LTCI
with respect to a reduction in co-payment rate from 10% to zero. Morally motivated
insureds require a broader range of services and have a longer days of utilization
than others. In addition, I confirm that the magnitude of moral hazard in LTCI is
larger than what studies observed in health insurance markets. Great predictability
of care needs, combination of unfavorable health and cautiousness of insureds, and the
highly price-sensitive measurement for moral hazard are possible explanations. I also
verify that moral hazard correlates positively with ex-ante health risks. The positive
correlation indicates a larger moral hazard in public LTCI than what private LTCI
observed, since mandatory enrollment may enlarge the ex-ante risks. I lay emphases
on policies that guide insureds to have efficient service utilization. Policies reducing
ex-ante health related risks would also be effective to restrict moral hazard.
The last chapter concludes and outlines the intended contributions of this dissertation.
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Two blocks away from the campus of Waseda University, a tiny tempura restaurant
has been popular for 30 years among students. The restaurant is managed by an
old couple aged over 80 years. The husband always silently shows his back with the
stooped waist when he cooks. The wife is warm and harsh, speaking loudly because
of hard of hearing. There was a time the restaurant being out of business for couple
of months. The notice on the door said that the husband was inpatient due to a bad
attack of lumbago. “I really hope he will soon be back in good health”, my friend said
to me on the way back to the campus. Without either of them, the restaurant cannot
survive. Unfortunately, we know that it will inevitably happen someday.
It is a microcosm of Japan’s struggle to overcome its demographic challenges. The
aging of population is inevitable with economic development that brings innovation
of medical technology. Improved technology reduces infant mortality at birth and
extends life expectancy at later life. According to 2015 census data, the number of
Japanese aged 65 and above (65+) accounts for 26.7 percent of the population of 127
million – the highest ever recorded in the world (Ministry of Internal Affairs and Com-
munications, 2016). The increase in aging population, in turn, indicates a shrinking
population in workforce. The 2015 census reveals that labor force participation rate
among people aged 15 and above is 59.8 percent, down by 1.4 percentage point from
2010. Several changes are notable regarding the trend. The rate for males is 70.8
percent, 3.0 point lower from 2010. The rate among females and people aged 65+ are
49.8 and 23.2 percent, up by 0.2 and 1.7 point, respectively. Female and older people,
in particular the latter, are becoming increasingly active in the workforce. It reflects
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Japan’s attempt to boost foreign, female, and older people’s labor participation to
overcome labor shortage in an era of low fertility rate and high life expectancy.
It also reflects changing attitudes among older people that they become more willing
to play important roles in society. A traditional opinion suggests the roles are limited
to activities within the households: looking after their grandchildren, doing house-
keeping, etc. Recently, a growing number of older people participates into economic
activities outside the households. Just like the old couple working hard to sustain
the restaurant, many of the Japanese postpone their retirements or re-enter the labor
force at old ages. Two leading reasons for labor force participation in later life are
maintaining favorable living standard and achieving self-satisfaction (Cabinet Office,
2006b). Medical experts even suggest government to redefine the criterion of old age
from 65 to 75 years, saying that “thanks to better nutrition, health care and sanita-
tion, today’s senior citizens are much fitter than past generations, and labeling them
as retirees is a waste” (Nohara, 2017).
Figure 1.1: Healthy life years and life expectancy by gender
Data source: Healthy life years has been extended (Cabinet Office, 2012) http:
//www8.cao.go.jp/kourei/whitepaper/w-2012/gaiyou/pdf/1s2s_3.pdf. The figure
is created by the author.
Nonetheless, an obstacle older people faces in (re-)entering labor force is their rapidly
deteriorated health. Being healthy and energetic are prerequisites for labor force par-
ticipation among older people. As the opening story shows, once older people become
frail, they could hardly overcome the difficulties, both mentally and physically. A sud-
den attack of acute diagnoses such as stroke lead a large proportion of the survivors be
bedridden; even they could recover after rehabilitation, direct and opportunity costs
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for them to re-enter labor force would be too high to afford. As Figure 1.1 illustrates,
average healthy life years is generally 10-year less than the life expectancy at 80-85
years (Cabinet Office, 2012). If we calculate reversely, it indicates roughly 5 and10
years of healthy life as of age 65 for males and females, respectively. Although there is
no commonly agreed upon years as to what extent the healthy life is sufficient, improv-
ing older people’s health would benefit the society from various aspects. Accordingly,
how to extend years of life free of limitation of activity would be a major concern
behind the goal to stimulate older people to enter the labor force. The first topic I
investigate in the dissertation, therefore, is about the process through which health
is accumulated by older people’s health investment and improved by socio-economic
status.
1.1 How to Become Healthier?
At the very first step, it is necessary to define what is meant by (non-)health in this
dissertation. Researchers in biology and medical science name health as a terminol-
ogy for the absence of disease (Nettleton, 2006). In fact, physicians consider health
to be a side-product of diseases (Kagawa-Singer, 1993). So successful does this ap-
proach appear that numerous literature applies specific diseases or dysfunctions as
negative measures of health (Ahmed, Kolker, and Coelho, 1979). Developments in
social science, however, call attention to the fact that health defined as one pure
medical terminology should be inadequate. Investigations broaden the definition of
health by uncovering contributions of social, cultural, and environmental factors on it
(Nettleton, 2006).
Indeed, health is a multidimensional domain where no single indicators could define it
perfectly. To have a concrete image of the multidimensionality, let us reversely distin-
guish three dimensions of non-health: disease, illness, and sickness (Ahmed, Kolker,
and Coelho, 1979). Although commonly used without explicit distinction, disease de-
notes physical dysfunctions that is objectively measurable; illness refers to feelings of
being unhealthy, which is more likely to be subjective; sickness, among others, stands
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for a social identity labeled by surroundings. The biological, psychological, and socio-
logical dimensions of non-health in turn indicates the necessity to decompose measure
of health into multiple aspects.
In this dissertation, accordingly, I measure health (and non-health) with different
indicators. I first evaluate health according to the extent to which it contributes to
individual welfare expressed by preference over health to other elements in utility func-
tion (see Chapter 2). Here, health is measured as one input for welfare improvement,
whereby a representative individual would allocate resource—in a rational way—on
it.1 I then measure health empirically with indicators representing objective and
subjective physical health, respectively. Objective health (e.g., lifestyle diseases, see
Chapter 3) captures the biological aspect of health. However, organic dysfunctions
do not necessarily cause great pain or discomfort that are feelings self-reported by in-
dividuals. Therefore, I further apply subjective health (e.g., self-reported health, see
Chapter 3) to enrich the concept of physical health. In addition, I measure health in a
psychological and sociological aspect; namely, the mental health (e.g., depression, see
Chapter 4). Compared to physical disorders, deterioration in mental health is more
likely to be a label bestowed by surroundings as a deviation from societal norms. By
measuring health in multiple dimensions, this dissertation shall gain comprehensive
insight into the improvement/deterioration of health.
Before getting into detailed discussions of each health dimension, limitations of the
health defined in this dissertation should not be overlooked. Being healthy is a norm
varies substantially across macro factors such as cultures, environments, eras; as well
as micro factors such as gender, age, education level. The health I conceptualize and
corresponding policy implications suggested, therefore, is limited to a group of people
who are middle-aged and older Japanese. What is normal functioning for a 60-year-
old may be pathological for a 10-year-old; and what is being healthy in Japan may
differ from it in, say, the United State. Further research on inter- culture, generation,
and environment comparison is necessary for clarification.
1Of course, health also matters in terms of social welfare improvement and resources allocation
therein (Dolan, 2000). Practically, government would need monetary valuation of health (or non-
health) to judge proper allocation of resources on health and health care. Whether it is appropriate
to value health monetarily and how to deploy mechanism of resource allocation in a society are
important issues, although they are beyond the scope of this dissertation.
Chapter 1. Prologue 5
1.1.1 Invest in Our Health, but How Much?
As health is defined in this dissertation, here comes the question: how to become
healthier? A quick but a bit abstract answer is, to invest in our health. The termi-
nology “invest” borrows from human capital theory raised by Becker in 1962 (Becker,
1962), where receiving education is treated as investing in one’s human capital and
brings higher earnings. In the context of health, investment takes various forms: good
eating habits, daily jogging, regular health check, etc. Applying the human capital
theory, it is natural to expect that people invest more into their health would be
healthier and thus live longer, ceteris paribus. So why don’t we just invest as much
as we can, such that we could live happily ever after? It is simply because the cost of
maintaining favorable health level increases with age, and would eventually become
too heavy to afford.
Announcing a framework in 1972, Grossman formally modelizes the process through
which health is accumulated by health investment and derives the optimal amount
of health capital one needs (Grossman, 1972). The optimal level of health capital is
determined when marginal benefit of maintaining such level of health binds to the
marginal cost. The marginal benefit is a combination of marginal utility and wage
rate one gains from being healthy; the marginal cost, on the other side of the equation,
is an aggregate of marginal cost of investment and health depreciation rate. At any
specific age, a rational individual would invest in his/her health at the amount that
ensures the equilibrium.
The optimal health level increases with higher marginal benefit, say, higher wage
rate. It is intuitive since wage is one of the opportunity costs of being unhealthy,
and people would hesitate to let themselves be in poor health when the opportunity
cost to do so is high. The optimal health level decreases with higher marginal cost,
e.g., higher marginal cost of investment. When unit price of an effective treatment
is too expensive, one may choose treatment less effective with reasonable price, at
the sacrifice of better health. Depreciation rate of health is another element of the
marginal cost, and Grossman assumes health depreciates with and only with age. The
assumption gives rise to a novel feature of the model: people “choose” their length of
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life. By this assumption, even though one could maintain marginal cost of investment
at a reasonable level, the health depreciation rate would increase exogenously with
age. Eventually, an old person would face an unaffordable marginal cost to maintain
the minimum level of health to survive, and die voluntarily.
The Grossman model constitutes a major theory for analyzing the process of health
capital accumulation (Zweifel, 2012), and generates numerous empirical and theoreti-
cal literature (Hren, 2012). The model, nonetheless, ignores a case that the deprecia-
tion rate would endogenously affected by the level of health investment. An evidence
comes from Haveman-Nies, De Groot, and Van Staveren (2003). They show that
health deprecation rate is higher among people with risky health behaviors such as
smoking. If health depreciation depends on one’s health-related decisions, a rational
individual would attempt to slow down his/her health deterioration by investing more
in to the health.
I thus extend the Grossman model by assuming that the speed of health deprecation
is a result of age as well as health investment. With such extension, health investment
would have two channels to accumulate health. One channel benefits health directly
through the accumulation process; another one does so indirectly by reducing the
depreciation rate. Then, following questions are how the two channels differ from
each other; whether the benefits of two channels on health vary with age, and if so,
which channel is favorable to older people; and what level the optimal health capital
would be with the extension. I return to these questions in chapter 2.
1.1.2 Does Marriage Make Us Healthier?
Health investment brings better health, and the amount of investment is solved within
the model. In addition, factors determined outside the model also affect the level
of health, positively or negatively. Air pollution, for example, leads health dam-
age to the general public; innovation of health technology, on the contrary, improves
people’s health substantially. Unlike the factors being completely exogenous, others
shed influences on health, and being affected by health as well. Socio-economic sta-
tus—education, income, marital status, etc.—are typical factors like that. People
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with better education, higher income and being married are widely documented to be
healthier than the counterparts; meanwhile, there are numerous evidences show that
healthy people have better chance to achieve better education, have higher income,
and more likely to get married. Such bidirectional relations are refer to as endogene-
ity, and how to disentangle the relations is the core of applied econometric analyses.
In chapter 3, I select marriage as one representative socio-economic status that asso-
ciates with health. I seek to figure out whether being married would improve people’s
health, after taking the reversed possibility into account.
The reason I focus on marriage is the drastic changes in attitudes towards marriage
during last decades in Japan. The first transition occurred after the World War II.
The new Civil Code in 1947 imported a modern marriage style from western soci-
eties—relationships with mutual agreement and equal rights—to the traditional ar-
ranged marriage. As Figure 1.2 shows, arranged marriage was the main style in
around 1947, accounting for 60 percent of all marriages; in around 1965, both modern
romantic and traditional arranged marriage were nearly proportional; and by 1988,
romantic marriage dominated, constituting over 80 percent of the total. However,
with the economic development, increasing numbers of Japanese tend to postpone
marriage, and there is growing incidence of not marrying at all. Higher education
attainment of females is the major reason for increasing first marriage, and personal
choice2 is the reason for the notably high rate of never-married people.
Moreover, increasing number of married Japanese pursue divorce, particularly at their
middle-aged and old ages. The proportion of divorce after 20 years of marriage has
become overwhelmingly high (16.4 percent) in Japan compared to that in western
countries (e.g., 1.43 percent in United Kingdom) in 2013 (Office for National Statistics,
2013). If marriage indeed is beneficial to health, the continuously decreasing rate of
being married among middle-aged and older people indicates shortened healthy life
and less possibility of labor force participation.
The following question is, then, does marriage make us healthier? As I mentioned
above, preceding studies consistently show a positive association between marriage and
2Younger people in Japan tend to cohabit with their partners, and marry only if they would like
to have their first child. Besides, as traditional arranged marriage died out, Japan’s shame culture
presented people with fewer opportunities to find mates.
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Figure 1.2: Transition of romantic and arranged marriage in Japan
Data source: The 14th Japanese National Fertility Survey. http://www.ipss.go.jp/
ps-doukou/j/doukou14/fuhyou.html. The figure is created by the author.
health (Kiecolt-Glaser and Newton, 2001; Lillard and Waite, 1995; Ross, Mirowsky,
and Goldsteen, 1990), while they do not achieve an agreement on the causality.
Accordingly, I attempt to distinguish the casual relations between marriage and
health—protective effect of marriage on health and selective effect of health on mar-
riage—among middle-aged and older people in Japan. Details are discussed in Chapter
3.
1.1.3 Do Friends Make Us Happier?
Till now, the “health capital” discussed refers to physical health of individuals. As
mentioned, health shall be measured in multiple mentions. Next, I concentrate on
people’s mental health and investigate how it is improved by involving in different
types of social network.
Mental health can be assessed with positive scale such as degree of happiness, and it
can be evaluated negatively with level of mental disorders or psychological distress.
Since the negative scale is commonly applied as a criterion of medical therapy for
people in poor mental health, it is widely used in literature (Cohen and Wills, 1985;
Cohen, 2004; Kawachi and Berkman, 2001; Santini et al., 2015). In Japan, growing
Chapter 1. Prologue 9
amount of people suffers from mental disorders, around half of whom are middle-
aged (MHLW, 2016). As Figure 1.3 shows, the number of people suffering from
mental disorders increase constantly during fifteen years from 1999. Worse still, the
proportion of middle-aged and older people with mental disorders expands twofold.
Figure 1.3: Number of people with mental disorders in Japan
Data source: The 2014 Patient Survey. http://www.mhlw.go.jp/file/
05-Shingikai-12201000-Shakaiengokyokushougaihokenfukushibu-Kikakuka/
0000108755_12.pdf The figure is created by the author.
On the other hand, there are stigmatizing attitudes towards mental disorders among
the general public. Very few people think that individuals can recover from mental
disorders, and people tend to keep a large social distance from individuals with mental
illness, particularly in personal relationships. Under such circumstances, mental dis-
orders have become one of the major causes of suicide in Japan, which was the second
leading cause of death among middle-aged people in 2012 (Office, 2014). Therefore,
it is of great interest to show what factors are helpful to prevent mental health de-
terioration, not only for improving people’s wellbeing, but also for social welfare in
various aspects.
One activity that occurs in our daily—life involving in social networks—has been
continuously confirmed to negatively correlate with psychological distress. Visit-
ing friends, having lunch with colleges, attending volunteer works, arranging local
sports events, all these social networks associate with better mental health. Two
models—main effects model and stress-buffering model—are constructed for the pos-
itive association (Cohen and Wills, 1985; Cohen, 2004; Kawachi and Berkman, 2001).
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The main effects model suggests that involving in social networks directly improve
mental health irrespective of whether people are under distress (Berkman and Glass,
2000). On the contrary, the stress-buffering model assumes that involving in social
network mitigates distress via modulation of responses to stressful events (Dean and
Lin, 1977; Jimmieson et al., 2010; Thoits, 1982). Researchers also reveal that social
networks with more intimate relations shed stronger impacts on mental health. Lin,
Ye, and Ensel (1999) provide explanations by stratifying location of a social network
into three layers: outer (e.g., participation in community organizations), intermediary
(e.g., connections to colleagues in the workplace), and inner (e.g., friendship ties).
Lin and colleagues hypothesize that the most inner layer would relate to the strongest
effect to reduce physiological distress.
Despite the theoretical postulations on how social networks are crucial for improving
mental health, this relationship has yet to be confirmed as causal. Talking with
friends do help us to release pressure, but it is also possible that we talk because
we are positive and attempt to solve issues we face. Again, endogeneity occurs in
the relation between social network involvement and mental health. In chapter 4,
therefore, I seek to show the casual relation between social network involvement and
mental health; that is, involving in various social networks does reduce physiological
distress. Following Lin’s framework, I stratify social network into the three layers (i.e.,
outer, intermediary, and inner) and incorporate a one-year lagged value of involvement
in each layer as an explanatory variable to show the causality. In addition, I trace
the changes in these causal influences over time by further including two-year lagged
values of social network involvement. I return to the details in chapter 4.
1.2 When We Become Frail: Long-term Care Insurance
No matter how hard we try to improve our health and extend life without limitations,
we eventually encounter physical and mental difficulties in our later life stages. A
sudden attack of acute diagnoses makes people be inpatient for intensive treatments,
while the level of recovery differs across age. Young generations on average are highly
possible to be fully recovered when discharged. Older people, in contrast, often face
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various sequela and need daily care afterwards. The daily required care, such as
bathing, feeding, housekeeping, rehabilitation, is denoted formally to be long-term
care (LTC). Compared to medical treatment, say, operation, LTC is less intensive
in term of medical knowledge. On the other hand, the care needs are more time
consuming and last for longer period. Besides, unlike medical treatments that tend to
follow certain manual or rule, LTC puts more weight on individualized and coordinated
services to improve independence.
The characteristics of LTC imply that the needs could be met by family members. Tra-
ditionally, spouse and adult children are often found to be informal caregivers for frail
older people. During the last decades, LTC needs could no more be satisfied within
households, regarding the demographic challenges of rising life expectancy, shrinking
multi-generations households, and raising number of working women (MHLW, 2002).
As a response, Japan came up with a public, mandatory long-term care insurance
(LTCI) with universal coverage in 2000 (Campbell and Ikegami, 2000).
The LTCI responds to a major concerns about how to provide care to older people
in the super-aged society, whereby older people would receive formal care and be
financially supported by the entire society (MHLW, 2002). Since the official purpose
of LTCI Act is to help frail old persons to “maintain dignity and an independent daily
life routine according to each person’s own level of abilities” (Ministry of Justice,
1997), the emphasis of LTCI is at-home care and community-based services.
The LTCI became popular right after its introduction since variety of services3 are
provided with low prices (co-payment rate is 10 percent). The constantly increasing
number of older people requiring formal support and care partially reflects the its
growing popularity (Figure 1.4). The comprehensive LTCI improves older people’s
wellbeing from various aspects. Kuzuya et al. (2006) find day-care use associates with
lower mortality among frail older people. Nishiwaki et al. (2007) show that day-care
is useful in maintaining nutritional status in older people. Tomita, Yoshimura, and
3Both at-home and institutional services are covered: at-home services include housekeeping,
bathing, visiting nurse, rehabilitation, day services, short-stay service/care, medical care manage-
ment counselling, welfare devices leasing/purchasing and home renovation; institutional services cover
nursing homes as well as chronic-care hospitals.
Chapter 1. Prologue 12
Ikegami (2010) reveal that community-based service reduces probability of hospital-
ization among older people. Tamiya et al. (2011) find LTCI releases older people’s
economic burden by reducing the expenditure on formal care.
Figure 1.4: Trend in older people requiring support and care in Japan
Data source: Ministry of Health, Labour and Welfare, Annual Report on the status of
Long-Term Care Insurance. http://www.e-stat.go.jp/SG1/estat/NewList.do?tid=
000001031648. The figure is created by the author.
Notes: SL, support level; SL1-2, support level 1-2; CL1-5, care level 1-5. Definition of
SL(SL1-2) and CL1-5 were changed in 2006 by a reformation of LTCI.
In addition, studies repeatedly confirm that the LTCI releases physical and mental
burdens of family caregivers (Suzuki, Ogura, and Izumida, 2008; Tamiya et al., 2011;
Tokunaga, Hashimoto, and Tamiya, 2015; Yamamoto and Wallhagen, 1997). Among
others, in chapter 5, I focus on a possibility that the formal service use under LTCI
would benefit family caregivers in terms of their labor force commitment. With lower
care burden, economic active caregivers may opt to enter the labor force. The sim-
ple question then is: would LTCI be one of the effective solutions to Japan’s labor
shortage?
1.2.1 Does LTCI Utilization Boost the Workforce?
In fact, the LTCI has various policy goals behind the legal statement mentioned above.
One of the most significant objectives is to alleviate the burden on family caregivers by
outsourcing their caregiving to formal care suppliers in the long-term care market. The
use of formal care under the LTCI would release family caregivers from long hours’
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commitment of informal unpaid caregiving that may interfere with their capability
and willingness to work. Hence, the LTCI is expected to motivate family caregivers
participating into labor market (Mitadera and Hayasaka, 2000).
Previous studies explore disadvantage of family caregivers’ capability to work, with
findings being mixed (Carr et al., 2016; Covinsky et al., 2001; McGarry, 2006; Pavalko
and Artis, 1997; Sugawara and Nakamura, 2014). Pavalko and Artis (1997) and
Covinsky et al. (2001) find that female caregivers in the United States tend to reduce
working hours; Sugawara and Nakamura (2014) also show that Japanese females who
live together with frail older people are less likely to work. On the contrary, McGarry
(2006) suggests that female in the United States cut back on leisure time for caregiving
(e.g., socialization with friends, and taking vacation) rather than working hours.
Regarding the effect of LTCI on boosting labor participation of family caregivers,
the findings are also inconclusive. Sakai and Sato (2007) find no evidence for the
effectiveness of LTCI on promoting labor participation of family caregivers. On the
other side, Tamiya et al. (2011) show that female family caregivers within high income
households are more likely to enter the labor force after the introduction of LTCI;
Sugawara and Nakamura (2014) also find the effect of LTCI on extending female
family caregivers’ working hours.
The literature attempts to describe the potential positive effect of LTCI on family
caregivers’ labor force participation using expressions such as “stimulation”, “promo-
tion”, “improvement”, or simply “positive effect”. In chapter 5, I denote it to be a
spillover effect of the LTCI. I aim to extend the previous findings on the spillover ef-
fect in three aspects. First, many studies in Japan focus exclusively on how the LTCI
induces increasing labor force participation of female family caregivers (i.e. daughters
or daughters-in-law) (Sugawara and Nakamura, 2014; Oshio and Usui, 2017; Shimizu-
tani, Suzuki, and Noguchi, 2008), while how male family caregivers are motivated by
the LTCI is left untouched. According to MHLW (2013), proportion of male family
caregivers increased by threefold from 11.2 percent in 1984 to 31.3 percent in 2013.
Evidence of the spillover effect among male family caregivers is necessary for policy
evaluation and arrangement. Therefore, I include both male and female caregivers in
the analysis.
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In addition, the definition of labor force–population aged 15 to 64 years–overlooks an
increasing extent to which Japanese older people enter the labor force (Recall the old
couple I mentioned at the very beginning of this chapter). According to Statistics
Bureau (2016), around half of the population aged 65 to 69 years are working in
Japan. Meanwhile, half of the family caregivers are 65+ (MHLW, 2013). Accordingly,
findings of the spillover effect among caregivers aged 65+ will help inform family and
labor policy formulations in the context of a super-aged society, and I extend the
scope of estimation to include caregivers 65+.
Finally, regrading the spillover effect, studies concentrate on changes in labor force
participation after the introduction of LTCI in 2000. To the best of my knowledge,
none of them investigate a potential negative spillover effect of the LTCI amendment
in 2006 on labor force. Details of the motivation and process of the amendment are
discussed in chapter 5. Roughly speaking, in order to contain the rapidly rising expen-
diture on the LTCI, the government restricts benefit and at-home services for older
people with moderate care needs as of 2006. Literature shows that the amendment
contains the LTCI cost to a certain extent Tamiya et al. (2011). On the other side
of the coin, the caregiving burden came back to households, and the reloaded bur-
den may reduce family caregivers’ labor force commitment. Hence, I investigate the
impact of the LTCI amendment to assess the overall spillover effects of the LTCI. I
return to details for the three points in chapter 5.
1.2.2 The Ultimate Challenge: Less Costs, More Benefits?
By now, I review and discuss a variety of benefits of the LTCI on older people and their
family caregivers. Indeed, the LTCI has become an accepted and highly supported
component of Japan’s social policies (Tamiya et al., 2011). Nevertheless, challenges
still remain. One of the most urgent issues of the LTCI is the soaring public ex-
penditures on it (Ogura and Sumi, 2012). As the LTCI operated as a pay-as-you-go
program, drastically increasing demand for the formal services promote a great fiscal
challenge for the government. As Figure 1.5 illustrates, the public expenditures on
LTCI soared from 3.6 to 6.4 trillion yen during its first five years, much faster than
expected. Worse still, the expenditures per older people 65+ raised 153 percent to 247
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thousand yen (MHLW, 2015). This indicates that the fiscal challenge stems from not
only the expanding older people in care needs, but also the raising costs per capita.
Figure 1.5: Trend in public expenditures (per capita aged 65+) on LTCI
Data source: Fact-finding survey on project of long-term care 2000-14. The figure is
created by the author.
As mentioned previously, such unexpectedly expanded public expenditures initiated
the LTCI amendment in 2006. Instant effect was significant: in 2006, the expenditures
per older people 65+ were successfully cut down to 229.7 thousand yen and the total
expenditures were stabilized at 6.30 trillion yen (Figure 1.5). In a long-run perspec-
tive, unfortunately, the amendment has not worked as expected. In years after the
amendment, both the public expenditures (per older people 65+) on LTCI continu-
ously increased. The latest 2014 statistics revealed that they have respectively soared
to 9.25 trillion yen and 280.3 thousand yen, whereas no signal reflected this escalation
would be alleviated.
Why it is so difficult to contain public expenditure on LTCI? One possibility is the
raising service price—a result of technology innovation (Barbash and Glied, 2010;
Chaudhry et al., 2006). Another possibility—my main concern in chapter 6—is the
market distortion due to the moral hazard issue. Numerous studies find health in-
surance market in many countries are plagued with the issue and operate inefficiently
with soaring expenditures (Antwi, Moriya, and Simon, 2015; Finkelstein, 2007; Keane
and Stavrunova, 2016; Taubman et al., 2014). Moral hazard, in the context of health
economics, refers to a fact that insurance reduces out-of-pocket prices face insureds,
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and thus increases the amount of services demanded (Manning and Marquis, 1996).
Therefore, moral hazard gives rise to distortions wherein services are overused. The
overuse emerges whenever the demand is price elastic, and thus the long list of stud-
ies of health insurance has been dedicated to test whether insureds with lower cost
sharing would have larger demand on services (Zweifel and Manning, 2000).
To my best knowledge, however, much fewer studies verify the magnitude of moral
hazard in LTCI market (Cremer, Lozachmeur, and Pestieau, 2016; Finkelstein and
McGarry, 2006). This is probably because LTCI markets in nations such as the
United States currently appear to be much smaller (in terms of public expenditures)
compared to health insurance markets (Brown and Finkelstein, 2007). But, given
today’s rapid global aging, the current small market size indicates a huge expansion
in the future. LTCI market would be one of the most important markets in service
sector and it is worthwhile to have an insight into the magnitude of moral hazard in
the market.
On another track, LTCI market in Japan—the oldest nation in the world—has already
been one major component of the social security system. Around 2.2 million older
people were qualified at the launch in 2000, 84.4% of whom used the services within
the year and costed roughly 32.4 billion USD (MHLW, 2015). The market has been
explored rapidly; indeed, it grows much faster than the one in other nations. In 2012,
Japanese public expenditures for LTCI (792.9 billion USD) were three times as much
as the total LTC expenditures in the United States (219.9 billion USD), and six times
as much as the Medicaid expenditures (134.1 billion USD)(National Health Policy
Forum, 2014).
Taken together, evidence of moral hazard in Japan’s LTCI will have broad implica-
tions for the rapidly aging world: they would provide valuable experiences to nations
planning to launch public LTCI, and act as a reference for others to evaluate their pri-
vate LTCI markets. In chapter 6, accordingly, I attempt to estimate the presence and





In this chapter, I extend the Grossman health capital model by relaxing the exogenous
health depreciation rate to model the direct and indirect channels through which
people improve their health through health investment. I confirm that the marginal
cost of health supply decreases when the depreciation rate is an endogenous function
of health investment and that the marginally reduced cost is greater for people in
later life stages. I also find that the indirect channel— depreciation rate reduction—is
more effective for people in good health; however, the direct channel—the classical
Grossman model—is more powerful for those in poor health. The findings provide a
more comprehensive view of the procedure for optimal health determination.
The outline of this chapter is as below. Section 2.1 reviews the literature. Section 2.2
revisits the Grossman model with the assumption of endogenous health depreciation.
Section 2.3 provides specifications for the model and introduces corresponding appli-
cations. Section 2.4 provides the conclusions. Appendices are listed at the end of this
chapter.
2.1 Introduction
Published in 1972, the Grossman health capital model constitutes a major theoretical
framework for analyzing the demands of health and health care (Grossman, 1972;
*This chapter is an outgrowth of Rong Fu, Haruko Noguchi and Koichi Suga, (2016) ”A Revisit
to the Grossman Model with Endogenous Health Depreciation”, Economics Bulletin, Vol. 36 No. 4
p2405-2412
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Zweifel, 2012), which has generated substantial empirical and theoretical literature
(Hren, 2012).
Among the key assumptions of the Grossman model is that the depreciation rate is
presumed known, meaning that the model assumes the existence of certainty—i.e.,
people choose their time of death (McGuire, Henderson, and Mooney, 1988). Several
refinements have developed the Grossman model in terms of exogenously determined
health depreciation (Hren, 2012). Liljas (1998) asserts that the depreciation rate
depends on stochastic health status and shows that optimal health capital increases
with a higher initial level of health and with an uncertain incidence and degree of
illness. Grossman (2000) suggests a method that assumes the depreciation rate to be
probability distributed over each life period, thus creating dispersion in time-of-death
expectations. Focusing on asset allocation across the life cycle, Yogo (2016) assumes
that depreciation is completely stochastic and that people choose their level of health
investment after health depreciation is realized in each period. He finds that health
expenditure—regarded as an investment in health—decreases with a higher level of
health.
The literature focuses on the stochastic process of health depreciation, but it ignores a
case that the depreciation rate would endogenously respond to an individual’s health-
related decisions during the process to accumulate health capital. Accordingly, I aim
to extend the Grossman model by stressing the manipulability of health deterioration;
that is, I allow the depreciation rate to be a function of not only age but also invest-
ment in health. I am motivated by ample empirical evidence showing that health
deterioration is affected by various factors, such as lifestyles and health behaviors.
Specifically, Case and Deaton (2005) found that the health of manual laborers de-
clines more rapidly than that of non-manual workers, and Haveman-Nies, De Groot,
and Van Staveren (2003) showed that the health of people with risky health behaviors
(e.g., smoking) deteriorates more rapidly. If, as the research reveals, health depre-
ciation depends on various factors rather than simply on age, a rational individual
would seek to slow down her/his health decline by enhancing beneficial health factors.
I assume health investment—in a general sense—to be one of those beneficial factors.
Thus, the question becomes whether investment directly benefits health through an
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iterative process and indirectly benefits health by reducing the deterioration rate. The
answer is affirmative and is supported by medical evidence that shows the beneficial
influences of physical exercise on diabetes therapy. Exercise has generally been per-
ceived to directly benefit patients with preventable type 2 diabetes through glycemic
control (Boulé et al., 2001). Evidence has found that physical exercise also enhances
myokine production, which protects against inflammation caused by diabetes (Pe-
tersen and Pedersen, 2005). Put differently, exercise, as one health investment, is
directly beneficial to diabetic patients by lowering their glycemic load and is indi-
rectly beneficial by reducing the risk of health deterioration due to inflammation, a
diabetic complication. Grossman considers the former channel, and I further model
the latter channel by endogenizing health depreciation as mentioned above.
2.2 Endogenous Health Depreciation
I follow the classical Grossman health capital model (Grossman, 1972) but assume
that the health depreciation rate, δ, is endogenously determined within the model. In
this section, I solve the model and demonstrate the condition of the higher level of
optimal health capital level when is a function of investment in health. The utility of
a representative individual is as follows:
U = U(TH0, ..., THt, ..., THT ;Y0, ..., Yt, ..., YT ), (2.1)
where THt = φ(Ht) represents the healthy time in period t, which is a function of
health capital, Ht. Subscript T denotes the individual’s time of death. I assume
dTHt/dHt > 0 and d2THt/dH2t < 0. Yt represents the consumed commodities that
contribute to the individual’s utility in period t, which is a combination of intermediate
goods, Xt, and the time used for consumption, TYt; Yt = Y (Xt, TYt;Et). Et is
education level, which stands for technologies that expand the production frontier.
The production function of commodities satisfies as a homogeneous function of degree
one. The health capital Ht follows an iterated function:
Ht+1 = (1− δt)Ht + pIt. (2.2)
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Ht+1, the health capital in period t + 1, is an accumulation of health investment,
It (e.g., regular exercise, good eating habits), with a direct productivity parameter
p ∈ [0, 1] and the health capital Ht depreciated at δt. The time of death comes when
HT = Hmin—that is, when the health capital binds to the minimum required level for
surviving. In equation (2.2), It is produced with a combination of medical care, Mt,
and the corresponding time used for health production, TIt: It = I(Mt, T It;Et). Et
is identical to that in the commodity production function, and the health-investment
production function also satisfies as a homogeneous function of degree one. The new
investment channel to benefit health is through the depreciation rate, δt:
δt = δ(It, At; θt), (2.3)
where At denotes age such that ∂δt/∂At < 0, and θt stands for a depreciation-efficiency
parameter that is affected by various demographic and socio-economic factors (e.g.,
gender and marital status). Equations (2.2) and (2.3) illustrate the direct and indirect
benefits, respectively, of current health investment, both of which contribute to a
higher level of health capital in the next period. The assumption in equation (2.3), in
line with that of Grossman, indicates the time-limited health benefits of investment,
regardless of the channels. It would be reasonable to expect that physical exercise
in the current year would bring better health in the following year, but it would be
too extreme to state that the benefits would last for two decades. Grossman lets
health increase proportionally with p = 1 to the investment in it, while I assume
∂δt/∂It < 0,∂2δt/∂I2t > 0 to model an intuitive diminishing return on investment to
improve health—e.g., having supplements may be beneficial to health, but the effects
will attenuate after a certain amount of consumption.












Ω− TUHt = THt = TIt + TYt + TWt, (2.5)
where vt and pt are the prices of factor inputs Mt and Xt for health investment
production and commodity consumption. wt, the wage rate, is the price of the time
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used for various purposes in equation (2.5). The individual’s total time, Ω, is divided
into healthy time, THt, and unhealthy time, TUHt. The healthy time is further
stratified into time for health investment, TIt, time for consuming commodities, TYt,
and time for working, TWt. In addition, r denotes the discount rate, and V0 refers to
the initial assets. Nonetheless, really only one constraint exists: equation (2.4) is not
independent of equation (2.5). Therefore, substituting TWt in (1.5) for TWt in (2.4)








where CIt = vtMt +wtTIt and CYt = ptXt +wtTYt are the costs of health investment
and commodity consumption, respectively. R = ΣTt=0Ω/(1+r)t+V0 is the discounted
endowment of time and assets. By utility optimization, the Optimal Health Capital




1 + rt] =
πIt−1(r − π̃(t− 1)I + δt)
p− ∂δt−1∂It−1Ht−1
. (2.7)
The φ′t(Ht) represents health capital’s marginal production of healthy time; UTHt is
the marginal utility of healthy time; λ denotes the shadow price of the initial assets;
πIt−1 = dC
I
t−1/dIt−1 is the marginal cost of health investment; and π̃It−1 = (πIt −
πIt−1)/π
I
t−1 is the percentage change in the marginal cost during one period. The left
and right hand sides of equation (1.7) imply the marginal benefit (MB) and marginal
cost (MC) of health capital, respectively, in period t. The endogenous depreciation
rate that decreases with investment (i.e., ∂δt−1/∂It−1 < 0) results in a lower level of
MC than that in the classical Grossman model, which, in turn, contributes to a higher
level of optimal health capital.1
1The marginal cost in the classical model is (r − π̃It−1 + δt)/p, where Grossman assumes the
productivity of investment p = 1.
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2.3 Specifications and Applications
In this section, I specify the model in section 2.2 and provide several applications.
First, I specify the depreciation rate and investigate an age profile of health investment
to reduce the depreciation rate. Second, I discuss the differences in the two channels
through which an individual invests to improve his/her health. Third, I derive the
optimal health capital and illustrate how the endogenous depreciation rate increases
longevity.
2.3.1 Endogenous Depreciation, Health Investment, and Age
Health depreciation takes the following form:





where γ1 > 1 if the efficiency parameter θt is affected by factors that damage health
(e.g., air and water pollution), which, in turn, increases the depreciation rate; γ1 ∈
(0, 1) if the factors benefit health (e.g., medical technology innovation) and reduce the
depreciation rate. γ2 ∈ (−1, 0) indicates a diminishing return on health investment to
reduce the depreciation rate, and γ3 > 1 shows that health depreciates at an increasing
rate with age.2
In accordance with Grossman, the depreciation rate increases with age. The specifica-
tion further suggests that health deteriorates at an accelerating rate with age (i.e., a
convex curve with a positive slope in the depreciation-age sectional view). By contrast,
health investment contributes to a lower depreciation rate (i.e., a convex curve with a
negative slope in the depreciation-investment sectional view). Comparing Figure 2.1
and 2.2, I confirm a lower depreciation rate with a higher return on investment—i.e.,
a larger absolute value of γ2, ceteris paribus.
Another important point to discuss is the age profile of health investment to reduce the
depreciation rate. In figure 2.3, the marginal depreciation rate with respect to health
2Figure 2.1 displays equation (2.8) in a scenario where γ2 = −0.5 and figure 2.2 displays a scenario
where γ2 = −0.7.
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Figure 2.1: Health depreciation rate with lower investment return.
investment, ∂δt/∂It, is negative in each life stage.3 Furthermore, as ∂2δt/∂It∂At is
negative in the specification, the return on investment to reduce the depreciation rate
is greater for people in a later life stage (e.g., at all investment levels, I can confirm a
greater reduced depreciation rate at age 80 than at age 20).
An older man’s health deteriorates more rapidly (i.e., health decreases at a higher
depreciation rate) than that of a young man, but high-speed health deterioration
tends to be much more sensitive to the same level of health investment. For instance,
daily jogging may not make much difference in the deterioration of a 20-year-old man,
but it may lead to a significant difference in the deterioration of a 60-year-old man.
2.3.2 Direct and Indirect Benefits from Health Investment
According to equation (2.8), I specify the health-iterated function (recall equation
(2.2)) as Ht+1 = (1− γ1Iγ2t A
γ3
t )Ht + pIt to derive the specified MC in equation (2.7).
Here, to distinguish the different implications of the two channels through which a
person influences the future trajectory of her/his health, I discuss two extreme cases:
(a) when health investment affects health only through the direct channel (i.e., the
3γ1 = 0.1, γ2 = −0.5, and γ3 = 2 in Figure 2.3. The age and health investment ranges are
identical to those in figure 2.1 and figure 2.2.
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Figure 2.2: Health depreciation rate with higher investment return.
Grossman model) and (b) when health investment affects health only through the
indirect channel—the depreciation rate. The corresponding MC in cases (a) and (b)
are as follows:
MCa =









Both MCa and MCb are larger than MC in equation (2.7), which is intuitive, as
the summed influences from the direct and indirect channels will be stronger than
those from either channel. Digging deeper, MCa and MCb are binding if p =
−γ1γ2Iγ2−1t−1 A
γ3
t−1Ht−1, indicating that the direct channel is more powerful than the
indirect one (i.e., MCa < MCb) when Ht−1 < −γ1γ2Iγ2−1t−1 A
γ3
t−1/p, and vice versa.
This simple method models the greater effectiveness of the direct/indirect channel
of investment in improving the health of people with poor/good health. Specifi-
cally, anti-inflammatory medicine for a patient with severe diabetic complications and
daily jogging for a non-serious diabetic patient may correspond to effective ways of
maintaining or improve their health, while jogging may not be an effective cure for
patients with complications, and anti-inflammatory medicine may be too much for a
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Figure 2.3: Marginal health depreciation rate with age and health investment.
non-serious patient.
The criterion for measuring the effectiveness of the two channels, −γ1γ2Iγ2−1t−1 A
γ3
t−1/p,
decreases with the amount of health investment and increases with age, ceteris paribus.
In other words, the indirect channel is more effective for an individual who invests
generously in her/his health, and the direct channel becomes increasingly important
as people age.
2.3.3 Optimal Health Capital
In what follows, I further specify the MB in equation (2.7) to derive the optimal health
capital with the endogenous depreciation rate. Healthy time often takes the following
form:
THt = φ(Ht) = α1(Ht −Hmin)α2 , (2.10)
where α1 > 0, α2 ∈ (0, 1), and Hmin is a constant that indicates the minimum health
capital required to survive. Health investment takes the following form:
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where β1 > 1, β2 ∈ (0, 1). To simplify the analysis, utility is specified to be perfectly
separable in terms of healthy time and commodities:
Ut = ρ1THt + h(Yt), (2.12)
where ρ1 > 0 shows that healthy time linearly increases utility, and h(·) is a function
that shows how commodities contribute to utility. According to the aforementioned
specifications, the MB is specified to take the following form:4
MB = α1α2(wt + ρ1)(Ht −Hmin)α2−1. (2.13)
In figure 2.4, I first compare the optimal health capital when the depreciation rate
is endogenous to that when the depreciation rate is exogenous. To simplify the dis-
cussion, I show the corresponding marginal cost (MCen and MCex) only in two time
periods, t0 and t1, where t0 < t1. In either time period, as shown in section 2.2, the
endogenous depreciation rate provides a lower MC (e.g., MCen,t0 < MCex,t0), which,
in turn, results in a higher level of optimal health capital (e.g., Hen,t0 > Hex,t0).
Figure 2.4: Optimal health capital by exogenous and endogenous deprecia-
tion rates.
4I assume (1 + r)t = λ in equation (2.7).
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As the depreciation rate is more sensitive to health investment in later life stages,
the gap between MCen and MCex is larger in period t1 than in period t0. However,
this wider MC gap does not produce a larger optimal health difference. In fact, the
MB in the later life period t1 becomes less elastic to the cost of health, such that
the optimal health difference in t1 shrinks drastically compared with that in t0 (i.e.,
Hen,t1 −Hex,t1 < Hen,t0 −Hex,t0).
Although the optimal health gap decreases with age, it does reflect a process through
which the endogenous health depreciation extends longevity. Specifically, if the opti-
mal health in period t1 with an exogenous depreciation rate (Hex,t1) binds to Hmin
—that is, the MCex,t1 is too high for an individual to survive—he/she will die in
t1. By contrast, when investment benefits health both directly and indirectly, the
MCen,t1 in period t1 will be affordable to help this person survive, and death will
occur in some period tk, where k > 1.
2.4 Concluding Remarks
The Grossman health capital model is regarded as a major breakthrough in health
economics. Grossman insightfully provides a framework to show the determination of
health capital. I have extended this model by relaxing the exogenous health depre-
ciation rate to model the direct and indirect channels through which people improve
their health through health investment. I confirm that the marginal cost of health
supply decreases when the depreciation rate is a function of health investment and
that the marginally reduced cost is greater for people in later life stages. I also find
that the indirect channel—depreciation rate reduction—is more effective for people
in good health; however, the direct channel—the classical Grossman model—is more
powerful for those in poor health. The findings provide a more comprehensive view
of the procedure for optimal health determination.
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Appendix
Solve the UMP with respect to It−1 as,







Construct a Lagrangian as,
L = U + λ(R− Σ(·)) (2.16)
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t+2(p− δ̂t−1)(1− δt)(1− δt+1) (2.21)
+ · · ·
+ UTHT φ
′
T (p− δ̂t−1)(1− δt)(1− δt+1) · · · (1− δT−1).
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φ′t+2(p− δ̂t−1)(1− δt)(1− δt+1)− · · · (2.24)
− wT
(1 + r)T
φ′T (p− δ̂t−1)(1− δt)(1− δt+1) · · · (1− δT−1)}
















](p− δ̂t−1)(1− δt) (2.25)







](p− δ̂t−1)(1− δt)(1− δt+1) · · · (1− δT−1).
To derive discounted change of equilibrium net from δ from period t− 1 to period t,
πIt−1




















(1 + r)t] = πIt−1(1 + r)− (1− δt)πIt
= πIt−1[r + (δt − 1)π̃t−1 + δt], (2.27)






(1 + r)t] =
r − π̃t−1 + δt
p− δ̂t−1
=
r − π̃t−1 + δt
p− ∂δt−1∂It−1Ht−1
.





In this chapter, I investigate the marriage protection and selection effects among
middle-aged and older people in Japan. Using nine years of a longitudinal dataset
from a nationally representative survey in Japan from 2005 to 2013, I extract 15,242
respondents aged 50–59 years in the baseline year. I utilize positive self-rated health
to present subjective health status and lifestyle diseases to present objective health
status. Using dynamic panel data approach to control for endogeneity issue, I find
that being married does protect respondents’ subjective health, in terms of a higher
probability of self-ratings of “very good” or “good” health statuses. Nonetheless, I find
that marriage deteriorated their objective health in terms of a higher probability of
having lifestyle diseases. Regarding the selection effect, better subjective health se-
lects middle-aged and older people into marriage, but such influence is fairly modest.
Although objective health status also selects respondents into marriage, it positively
affects women but adversely affects men. The findings provide a more comprehen-
sive understanding of the relationship between marriage and health, which may have
substantial implications for health-related public policies for middle-aged and elderly
people in Japan.
*This chapter is an outgrowth Rong Fu, and Haruko Noguchi. “Does the Positive Relationship
between Health and Marriage Reflect Protection or Selection? Evidence from Middle-Aged and
Elderly Japanese”, submitted to Review of Economics of the Household and currently being under
review.
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The outline of this chapter is as follows. Section 3.1 reviews literature for the study.
Section 3.2 briefly introduces the transition of culture and attitudes toward marriage
in Japan. Then, section 3.3 to 3.6 demonstrates the econometric strategy, describe
the data and measurements, present the empirical results, and conclude, respectively.
3.1 Introduction
Does marriage make us healthier? Or are healthier people more likely to tie the
knot? Preceding studies consistently find a positive association between marriage and
health (Gove, 1972; Kiecolt-Glaser and Newton, 2001; Lillard and Waite, 1995; Ross,
Mirowsky, and Goldsteen, 1990), yet we have not reached a conclusive answer. The-
oretically, two mechanisms aim to explain the positive correlation between marriage
and health. One is the so-called protection effect of marriage, referring to the benefits
of marriage on health outcomes and longevity (Ross, Mirowsky, and Goldsteen, 1990;
Rendall et al., 2011; Wood, Goesling, and Avellar, 2007). Married people are found to
have better physical and mental health, healthier lifestyles, and more access to health
care (Kiecolt-Glaser and Newton, 2001; Wood, Goesling, and Avellar, 2007). On the
other hand, a dissenting opinion posits that health per se selects people into marriage,
with both positive and adverse implications (Waldron, Hughes, and Brooks, 1996).
The positive selection implies that healthier people are more likely to get married
(Goldman, 1993), and the adverse selection implies that people with poor health have
a stronger incentive to seek spouses for daily care (Cheung and Sloggett, 1998; Lillard
and Panis, 1996).
Accordingly, a challenge for empirical studies is to substantiate the causal relationships
between marriage and health. Literature mostly untangles the marriage protection
effect from the selection effect using longitudinal data to control unobserved indi-
vidual fixed effects (Averett, Sikora, and Argys, 2008; Averett, Argys, and Sorkin,
2013). Among others, using the Cox proportional hazard model, Espinosa and Evans
(2008) find health deterioration among bereaved men. Using propensity score match-
ing method, Ali and Ajilore (2011) confirm that marriage reduces risky health be-
haviors; Kohn and Averett (2014a) and Kohn and Averett (2014b) use a dynamic
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panel data (DPD) approach and find that divorced people tend to have a poor health.
However, there is no consensus regarding gender differences in the marriage-health
relationship. Some studies find a significant association between marriage and health
only for men (Rudolf and Kang, 2015), while others show that it is stronger for women
(Averett, Argys, and Sorkin, 2013; Kohn and Averett, 2014b). I aim to investigate
the relationship between marriage and health among middle-aged and older men and
women in Japan. I attempt to build on the preceding conclusions in two aspects.
First, I assess the marriage protection as well as the selection effects, rather than
focusing on either of them. Specifically, I construct a system of two relations where
the current health is a function of marital status in the past year; similarly, the cur-
rent marital status is a function of health in the previous year. The main concerns
are that unobservable individual fixed effects may correlate with the observed ex-
planatory variables within each function; meanwhile, idiosyncratic error terms may
correlate across the functions. The cross-function correlation of errors would reduce
the estimation using the fixed effect (FE) model. Accordingly, I follow Kohn and
Averett (2014a) by using the system generalized method of moments (SYS-GMM) to
control the endogeneity problem.
Second, previous studies focus on western societies; while a few try to investigate the
marriage-health relationship in East Asia, they do not consider the causal relationship
(Fu and Noguchi, 2016). I focus on people in Japan who are middle-aged and older—a
cohort that has not been explored—to investigate the relation between marriage and
health. Attitude toward marriage in Japan is unique as compared to other coun-
tries in the world. Although Japan inherits traditional and feudal Confucianism (i.e.,
breadwinner husbands and housekeeper wives), it is substantially influenced by mod-
ern marriage patterns from the West (Choe et al., 2014; Kumagai, 2010). Therefore,
evidence from Japanese people would provide a fresh perspective to understand the
relationship between marriage and health as distinct from that in western societies.
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3.2 Marriage in Japan
Traditionally, marriage in Japan was arranged by the household head. The new Civil
Code in 1947 following World War II resulted in a new marriage style influenced
by Western societies—in terms of consent to get married and equal rights for part-
ners—that slowly but surely became accepted and popular in Japan (Kumagai, 2010).
Since then, attitudes towards marriage have undergone drastic changes in Japan.
First, people tend to postpone marriage, which upraises the proportion of those who
do not get married until 50 years of age (never-married) (Figure 3.1). During the last
five decades, average age at first marriage has risen by around five years, regardless
of gender; and the rate of never-married men and women increased fifteen and four
times, respectively. In 2010, proportion of never-married men (10 percent) and women
(8 percent) in the United States were approximately half to those in Japan (Elliott et
al., 2012). According to Kumagai (2010), higher educational attainment of women is
the major reason for the increasing age at first marriage, while personal choice might
be the reason for the notably high rate of never-married people.
Figure 3.1: First marriage age and never-married rate in Japan.
Data source: Population Statistics of Japan 2012. http://www.ipss.go.jp/site-ad/
index_english/esuikei/gh2401e.asp. The figure is created by the author.
Moreover, in Japan, there has been a recent increase in the number of divorced couples
particularly those who are middle-aged and elderly (Figure 3.2). The crude divorce
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rate (CDR) in Japan significantly increased in the 1990s, and since then, it has mod-
erately decreased. Comparatively, the overall CDR in Japan is lower than that in
Western countries. In 2013, the CDR was 1.84 percent in Japan, 3.3 percent in the
United States, and 2.8 percent in Sweden (Centers for Disease Control and Preven-
tion, 2015; Eurostat, 2015). However, the proportion of divorce after 20 years of
marriage has become overwhelmingly high in Japan (16.4 percent in 2013) than that
in the West such as the United Kingdom (1.43 percent in 2013) (Office for National
Statistics, 2013).
Figure 3.2: Crude divorce rate and the proportion by marriage duration.
Data source: Population Statistics of Japan 2015 http://www.ipss.go.jp/syoushika/
tohkei/Popular/Popular2015.asp?chap=0. The figure is created by the author.
The drastic increase in divorce rate among middle-aged and elderly Japanese, together
with their longest life expectancy at age of 60 years globally (World Health Organi-
zation, 2015), raises the following concern that motivates this study. If marriage is
indeed positively associated with health status among middle-aged and elderly people
in Japan, the mounting divorce rate would shorten their healthy life expectancy. Con-
sequently, the average years of life that needs health care and long-term care might
increase, which would be a further risk to the financial sustainability of the Japanese
government, whose public-sector debt has already been higher than any advanced
economy (Schwartz, 2015).
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3.3 Empirical strategy
To investigate the marriage protection and selection effects, I constructed a model,
with the following equations:
Hit = α1 + α2Mi,t−1 +Xitα3 + Yiα4 + νi + εit, (3.1)
Mit = β1 + β2Hi,t−1 +Xitβ3 + Yiβ4 + ωi + µit. (3.2)
Equation (3.1) assesses the so-called marriage protection effect, where current health
status Hi,t is a function of one-year lagged marital status Mi,t−1. Correspondingly,
equation (3.2) tests the marriage selection effect such that current marriage Mi,t is a
function of one-year lagged health status Hi,t−1. In both equations, Xit stands for a
vector of exogenous demographic and socioeconomic factors and Yi for a vector of such
factors that are time invariant. While νi and ωi are unobservable individual fixed ef-
fects, εit and µit are idiosyncratic errors in corresponding equation. I assumed that the
fixed individual effects correlate with the observed dependent variables, in particular,
E(νiMi,t−1) 6= 0and E(ωiHi,t−1) 6= 0. Further, I assumed that E(εitµit) 6= 0 captures
the fact that unobservable factors may correlate simultaneously with health and mar-
ital status. In order to eliminate the fixed effect, I first examined the differences for
the equations (3.1) and (3.2),
Hit −Hi,t−1 = α2(Mi,t−1 −Mi,t−2) + (Xit −Xi,t−1)α3 + εit − εi,t−1, (3.3)
Mit −Mi,t−1 = β2(Hi,t−1 −Hi,t−2) + (Xit −Xi,t−1)β3 + µit − µi,t−1. (3.4)
As E(εitµit) 6= 0, I know that E(εi,t−1µi,t−1) 6= 0, which implies E(∆Mi,t−1εi,t−1) 6= 0
andE(∆Hi,t−1µi,t−1) 6= 0 in equation (3.3) and (3.4), respectively. Accordingly, the
FE method would yield biased estimators (Nickell, 1981). Instrumental variable (IV)
method is often used to control for such endogenous issues. In the dataset, however, it
is hard to find good external IVs for both marriage and health status. Alternatively, I
applied the DPD method that requires only internal IVs to address the issue (Anderson
and Hsiao, 1981; Arellano and Bond, 1991; Blundell and Bond, 1998; Bond, 2002;
Roodman, 2006). Specifically, I instrument ∆Mi,t−1 and ∆Hi,t−1 in equation (3.3)
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and (3.4) with their longer lagged levels that are uncorrelated with εi,t−1 and µi,t−1.
Blundell and Bond (1998) demonstrated that lagged levels would be weak instruments
for differenced variables. To increase the efficiency of estimation, I further utilized
longer lagged differences of marriage and health as instruments forMi,t−1 andHi,t−1 in
equation (3.1) and (3.2) by assuming E(∆Mi,t−k(νi+εit)) = E(∆Hi,t−k(ωi+µit)) = 0,
where t ≤ 2, k ≤ 1.
The equation (3.1) and (3.3) are systematic moment conditions to derive estimators of
marriage protection effect, as are equation (3.2) and (3.4) for estimators of marriage
selection effect. Two tests required for identification were the Arellano–Bond test
(Roodman, 2006) to clarify the proper length of lags of health and marital status
as instruments. Since I failed to reject the null hypothesis at AR(2) with this test,
internal instruments began with lag 2. Another test was the Hansen test for exogeneity
of the instruments. I reported the overall Hansen test that examined the validity of
instruments for both the level and the differenced equation (Roodman, 2009).
I expected significant and positive marriage protection effects among middle-aged and
elderly Japanese. On the other hand, I expected significant selection effects but have
no expectations regarding the direction of these effects. In other words, either positive
or adverse marriage selection effect may be seen among middle-aged and elderly people
in Japan.
3.4 Data and Measurements
I use longitudinal data over nine consecutive years obtained from a nationally rep-
resentative survey “The Longitudinal Survey of Middle-aged and Elderly Persons”
(LSMEP) in Japan. The survey has been conducted annually since 2005 by the Min-
istry of Health, Labour and Welfare (MHLW). The sample was randomly selected
through a two-stage sampling procedure. Specifically, 2,515 districts at baseline were
randomly selected and 40,877 respondents were selected randomly among those aged
50–59 years in each selected district in a way that was proportional to the size of the
district and the distributions of sex and age in the population.
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The self-administered questionnaires were delivered to the respondents by enumerators
in November 2005; the enumerators successfully retrieved the questionnaires from
34,240 respondents (response rate: 83.8 percent). For each subsequent year, the
questionnaires were mailed only to respondents who had responded to the survey
within the previous one or two years. No new respondents were recruited since the
initial year; the response rate of the latest 2013 survey declined to 58.0 percent of
the total at baseline. I concentrated on respondents continuously responding to the
survey. This ultimately left us with a sample of 15,242 respondents from 2005 to 2013,
of which 7,433 were men and 7,809 were women.
I utilized two dummies for health: one is a subjective health indicator that takes 1
if the self-rated health (SRH) was “very good” or “good” and 0 otherwise; the other
dummy is an objective health indicator that takes 1 if a respondent suffers at least one
of the three lifestyle diseases—diabetes, hypertension, and hyperlipidemia. Marital
status also had a dummy, taking 1 for being married and 0 otherwise. Demographic
and socioeconomic data included age, gender (male=1), education (college graduated
or above=1), income in logarithm, and working status (working=1).
Data attrition is one major concern when utilizing longitudinal data. Specifically, if
respondents miss the survey because of unfavorable health status, concentrating on
those who continuously response to the survey over nine years would lead to bias.
I thus check the average objective and subjective health at the last response and
over full response period (see Appendix Table A.1). If respondents quickly quit the
survey are in worse health compared to those stay longer, they should commonly
have lower probability of reporting positive SRH and higher probability of suffering
from lifestyle diseases over the full response period, and such trend should be more
significant regarding the last response. Go further, respondents who fully respond
to the survey for nine years should have the highest/lowest probability of positive
SRH/lifestyle diseases. However, I do not confirm a clear trend in the probabilities
with number of responses. Around 80% of the respondents who respond only once
to the survey report SRH positively at the last (which is also the first) response, a
bit lower than those respond more than twice but surprisingly nearly proportional to
those fully respond over nine years. The trend in probabilities over full period shows
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a similar pattern.
The trend in probabilities of suffering from lifestyle diseases is even more complex.
Respondents who fully respond to the survey do have the lowest probability, but the
highest is for those respond four times rather than once. In addition, the probabilities
of suffering lifestyle diseases at the last response are commonly lower compared to
that over full period. Put differently, suffering from lifestyle diseases may not be the
reason that respondents quit the survey. Taken together, respondents who quickly
leave the survey do not report notable disadvantages in health and thus focusing on
those continuously responding to survey may not lead to substantial bias.
3.5 Results
3.5.1 Descriptive Statistics
I first present descriptive statistics by gender (Table 3.1). Overall, men were more
often to positively report their SRH than women, while they were also more likely to
report “bad” or “very bad” SRH. Regarding the objective health indicator, men were
at a higher risk for lifestyle diseases. Particularly, men were six percent more likely
to suffer diabetes and hypertension than women.
Table 3.1: Descriptive statistics.
Men Women
N Percent/Mean N Percent/Mean
Positive SRH 120,053 37.80% 131,516 36.30%
Very good 120,053 6.20% 131,516 5.50%
Good 120,053 31.60% 131,516 30.90%
Somehow good 120,053 42.40% 131,516 45.20%
Somehow bad 120,053 15.10% 131,516 14.40%
Bad 120,053 3.70% 131,516 3.30%
Very bad 120,053 1.00% 131,516 0.80%
Suffering life-style disease 109,233 44.30% 115,488 37.30%
Diabetes 109,118 13.40% 115,275 7.50%
Hypertension 109,233 30.20% 115,488 24.20%
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Descriptive statistics (continued).
Men Women
N Percent/Mean N Percent/Mean
hyperlipidemia 108,924 14.10% 115,208 15.30%
Age 150,615 59.23 (3.77) 159,876 59.25 (3.77)
Married 120,925 87.30% 132,447 83.50%
College graduated 118,583 25.90% 130,190 6.70%
Working 120,967 85.90% 132,495 60.90%
Monthly income (1,000 yen) 94,171 500.39 (1066.54) 77,842 205.49 (753.22)
Notes: Means (standard deviations in parentheses) for continuous variables and percentages
for binaries.
Average age was 59 years regardless of gender. Around 87 percent of men were married,
which was four percent higher than women. This gender difference was also found
regarding education, working status, and monthly income. In terms of education,
25.9 percent of men were college graduated or above, four times more than women
(6.7 percent). Besides, men were more likely to be working than women, and their
monthly incomes were almost twice as much as that of women.
3.5.2 Marriage Protection and Selection: Subjective Health
Table 3.2 presents the results of marriage protection effect on subjective health among
the middle-aged and elderly Japanese men and women. The commonly used fixed ef-
fect (FE) estimators are reported as reference. Compared to the Blundell and Bond
(BB) estimators, the FE estimators were overall underestimated, revealing that the
unobservable idiosyncratic error may be negatively associated with subjective health.
Alternatively, according to the BB estimators, I confirmed the protective effect of
marriage on subjective health status such that being married in the last year upraised
the probability of “very good” or “good” SRH by 9.2 percent. Regarding the covari-
ates, respondents who were women, college graduated, older, with higher income, and
owning their house property rights were more likely to report a positive SRH.
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Although men were less likely to report a “very good” or “good” SRH, the protection
effect for them is five times as strong as that for women. Thus, marriage is more
effective in protecting subjective health for the middle-aged and elderly Japanese men
in Japan. This provides new evidence to studies that have found stronger associa-
tions between marriage and subjective health for men in western countries (Barnett,
Davidson, and Marshall, 1991; Ren, 1997). In East Asia, importance of marriage to
improve men’s subjective health is also confirmed by findings that married men tend
to depend on conjugal relations exclusively for mental support. On the other hand,
married women are more likely to mobilize support from diverse relations (Fu and
Noguchi, 2016; Fu et al., 2017).
Table 3.3 further presents the marriage selection effect of subjective health. At the
first glance, the selection of subjective health into marriage was found to be positive,
although the corresponding magnitudes reduced substantially as is seen in Table 3.2.
This shows the positive influence of subjective health on marital status among middle-
aged and eldelry people is modest. Specifically, “very good” or “good” SRH status
in the past year increases the probability of being currently married by merely 0.2
percent. A significant selection effect is found for men, while no evidence indicates
positive SRH would affect women’s marital status. Contrasting influence of covariates
on marital status was found among genders. Being college graduated, older, and with
higher income would encourage men to tie the knot, but discourage women to do so.
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Comparing Tables 3.2 and 3.3, I found that the protection effect is much stronger than
the selection effect among middle-aged and elderly Japanese. Literature confirms sig-
nificant marriage selection effect among young adults (Stutzer and Frey, 2006). Specif-
ically, studies found mentally healthier young adults are more likely to get married.
However, the finding reveals that the importance of the selection effect diminishes
with age. Intuitively, it can be said that people who are confident about their own
health may have better chances of getting married at earlier life stages, and thus are
already married when they become middle-aged and older. Accordingly, it is more
likely to observe the protection effect rather than the selection effect among them.
3.5.3 Marriage Protection and Selection: Objective Health
Table 3.4 illustrates the marriage protection effect on the objective health status.
While I expected that being married would reduce the probability of lifestyle dis-
eases, the results indicate otherwise. In fact, I found that being married in the past
year upraises the probability of suffering from lifestyle diseases by 3.6 percent among
middle-aged and elderly people in Japan. For married men, worse still, this probabil-
ity increases at 4.7 percent. Married women, fortunately, report no significant health
deterioration in terms of lifestyle diseases. Literature provides inconclusive findings
with regard to the marriage protection effect on lifestyle diseases. Some observed that
married people tend to have healthier lifestyles, better eating habits, and exercise
more (Umberson, 1992; Wood, Goesling, and Avellar, 2007); others found they are
at higher risk for obesity that causes various lifestyle diseases (Sobal, Rauschenbach,
and Frongillo, 1992).
In Japan, the higher risk of suffering lifestyle diseases among middle-aged and elderly
married men has some possible explanations. The traditional gender role they fol-
low does not include domestic tasks such as food preparation. Put differently, they
may have less knowledge of nutrition balance and calorie intake than their wives; ac-
cordingly, they may not adequately self-monitor their physical health. Additionally,
literature shows that men have low incentive to control weight after marriage and
thus have high risk of obesity and lifestyle diseases. The lack of evidence for the rela-
tionship between marital status and lifestyle diseases among married women in Japan
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reflects a mix of factors such as higher socio-economic statuses, better knowledge of
nutrition, and better monitoring of own health.
Table 3.5 shows the selection effect of objective health into marriage. Regarding the
full sample estimation, there is no significant evidence that objective health status
selects people into marriage. Nonetheless, significant selection effect is confirmed in
gender specific sub-sample estimations; gender differences were found in the effect. In
short, healthy women and unhealthy men are selected into marriage. Specifically, men
with lifestyle diseases in the past year are more likely (6.2 percent) to be currently
married, indicating the so-called adverse selection into marriage. This is consistent
with findings that men with health problems have more to gain from marriage and
thus have a stronger willingness to get married (Cheung and Sloggett, 1998). Women,
in contrast, report the positive marriage selection effect such that those suffering from
lifestyle diseases in the past year are less likely (7.9 percent) to be currently married.
The different mechanisms through which middle-aged and elderly men and women are
selected into marriage reflect the traditional attitude towards marriage in Japan. As
previously mentioned, married men rely exclusively on conjugal relations to protect
and support their health, which indicates the fact that unmarried men in Japan may
have inadequate alternatives for such support. Consequently, unhealthy men who are
in need of care would have a particularly strong motivation to be involved in the
conjugal relationship. Conversely, social norms in Japan expect married women to
support their husband (Kumagai, 2010). Specifically in the context of middle-aged
and elderly people, women are expected to take good care of the physical health of
their husbands. Women with health problems are less likely to meet this societal
expectation; thus, they have a less likelihood of being selected into marriage.
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3.6 Concluding Remarks
This study investigates the marriage protection and selection effects among middle-
aged and elderly Japanese population. By utilizing a nationally representative longi-
tudinal data with DPD approach, I found that being married does protect individuals’
subjective health, in terms of a higher probability of “very good” or “good” SRH sta-
tuses. Nonetheless, I also found that being married deteriorated individuals’ objective
health, in terms of a higher probability of lifestyle diseases. To summarize, marriage is
beneficial for middle-aged and elderly Japanese because being married makes them feel
healthier. Regarding the selection effect, better subjective health does select middle-
aged and elderly Japanese into marriage, but such an influence is fairly modest. An
interesting gender difference was found regarding how objective health selects middle-
aged and elderly people into marriage. Men with lifestyle diseases were more likely to
be selected into marriage, while it is the opposite for women. Therefore, middle-aged
and elderly women in Japan with health problems have a less likelihood to benefit
from marriage than men and thus may rely more on public health care system.
I provide interesting yet inconclusive evidence to the questions raised at the beginning
of this article. In the context of middle-aged and elderly people, marriage does protect
health, but only subjectively; although objective health statuses indeed select us into
marriage, it has contrasting effects on men and women. The findings provide a more
comprehensive understanding of the relationship between marriage and health, which
may have substantial implications for health-related public policies for middle-aged
and elderly people.
This study has several limitations. First, I did not control for marital quality owing
to the data limitation. In fact, a troubled marriage is one of the main reasons of psy-
chological depression. Thus, the results may over/underestimate the protection and
selection effects on subjective health status. In addition, for two reasons, I did not
identify respondents who were divorced or widowed. One is that the survey groups
divorced and widowed respondents into one category, such that I could not distinguish
the exact marital status. Furthermore, compared to the majority of married respon-
dents (i.e. over 85 percent), the number of divorced/widowed respondents might be
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insufficient to provide statistically plausible results. Future studies addressing these
issues would provide more comprehensive understating of the relationship between
marriage and health status.
Appendix
Table A.1: Average objective and subjective health at the last response and over
full response period.
N Respondent Positive SRH Lifestyle Disease
last response full period last response full period
1 332 0.79 (0.41) 0.79 (0.41) 0.31 (0.46) 0.31 (0.46)
2 737 0.84 (0.27) 0.92 (0.36) 0.38 (0.49) 0.42 (0.49)
3 1,324 0.84 (0.26) 0.93 (0.36) 0.37 (0.48) 0.45 (0.50)
4 1,877 0.84 (0.23) 0.94 (0.37) 0.41 (0.49) 0.51 (0.50)
5 2,698 0.82 (0.22) 0.95 (0.39) 0.37 (0.48) 0.53 (0.50)
6 5,988 0.82 (0.22) 0.95 (0.38) 0.36 (0.48) 0.52 (0.50)
7 6,373 0.81 (0.23) 0.95 (0.39) 0.32 (0.47) 0.52 (0.50)
8 7,187 0.80 (0.25) 0.93 (0.40) 0.27 (0.45) 0.47 (0.50)
9 15,384 0.78 (0.32) 0.88 (0.42) 0.25 (0.41) 0.46 (0.50)
Notes: standard deviation in parentheses. N: number of response years, Respon-
dent: number of respondents, last response: average of the health statuses at the
last response year, full period: average of health statuses during the full response
period. For full period, Positive SRH takes one if respondents report at least once
"excellent" or "good" during the full response period, and lifestyle diseases takes one
if respondents report at least once suffering from any of the three lifestyle diseases





It is widely documented that psychological distress is negatively associated with so-
cial networks involvement. However, despite the theoretical postulations that social
networks are crucial for alleviating psychological distress, no study has yet empiri-
cally confirmed the causality of this relationship. In this chapter, thus, I used the
random-effects generalized least squares method to investigate the effect of one- and
two-year lagged values for involvement in social networks on psychological distress.
Nine years of longitudinal data were extracted from a nationally representative survey
in Japan (“The Longitudinal Survey of Middle-aged and Older Persons”). I utilized
the Kessler 6 (K6) score to measure psychological distress among 15,242 respondents
aged 50–59 years in the baseline year (2005), and stratified participants into three
layers of social networks: inner (well-established friendship ties and participating in
hobby activates), intermediary (neighborly ties), and outer (involvement in commu-
nity activities). I found highly significant and negative associations between all three
layers and K6 scores, with the strongest association being for the inner layer. I further
observed that one-year lagged involvement in the inner and intermediary layers led
to significantly lower K6 scores. However, the protective influences of social networks
generally diminished over time. In addition, the protective influences of social network
*This chapter is an outgrowth Rong Fu, et al.(2017) “Relation between social network and psycho-
logical distress among middle-aged adults in Japan: Evidence from a national longitudinal survey.”
Social Science and Medicine. Vol.175, p58–65
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involvement on psychological distress were stronger for women than for men. Further-
more, involvement in social networks was especially important for improving mental
health among people with psychological distress. These findings would be important
for policymaking to prevent mental health deterioration among middle-aged adults in
Japan.
The outline of this chapter is as follows. Section 4.1 introduces the background and
reviews the literature. Section 4.2 discusses the method I use. Section 4.3 shows the
results. Section 4.4 discusses and concludes the findings.
4.1 Introduction
The prevalence of mental disorders has drastically increased during the last decade.
Indeed, from 1999 to 2011, the total number of Japanese with mental illness ascended
by approximately 1.2 million (from 2.04 to 3.20 million, respectively). Of these in-
dividuals, 47.8 percent were adults aged 35–64 (MHLW, 2016). Worse still, Japan’s
social attitudes toward mental disorders have been generally unfavorable. According
to Ando et al. (2013), only 5 percent of Japanese believe that mentally ill people
can recover from their illness, and 61 percent of employers claimed that they would
never employ someone with a mental illness. Under these circumstances, mental dis-
orders have increasingly become one of the major causes of suicide, which was the
second leading cause of death among middle-aged adults in 2012 in Japan (Office,
2014). Hence, it is of great interest to determine what factors would be helpful for
preventing the deterioration of psychological distress among middle-aged adults in
Japan.
Western psychologists have clarified several mechanisms for a negative correlation
between social networks involvement and psychological distress (Santini et al., 2015).
Regarding to people whose mental health being improved, two models—the main
effects model and the stress-buffering model—were constructed (Cohen and Wills,
1985; Cohen, 2004; Kawachi and Berkman, 2001). The main effects model posited
that involving in social networks would directly improve mental health irrespective
of whether people were under distress (Berkman and Glass, 2000). In contrast, the
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stress-buffering model assumes that involving in social network mitigates distress via
modulation of responses to stressful events (Dean and Lin, 1977; Jimmieson et al.,
2010). Accordingly, the main effects model reflects a structural aspect of the support
from social network, and the stress-buffering model emphasizes on a functional aspect.
Meanwhile, psychologists also conceptualized the support from social network in terms
of its content and subjectivity (House et al., 1985). Regarding the content, the support
was divided to be emotional (e.g., expressions of empathy), instrumental (e.g., tangible
aid), and informational (e.g., advice). Regarding the subjectivity, it was characterized
to be perceived and received (Wethington and Kessler, 1986). These concepts were
not exclusive. For instance, the perceived (received) support from social network was
applicable to both the main effect and stress-buffering models, and to each of the
content.
While various concepts were established, most empirical studies focused on the sub-
jectivity of support from social network, and explored particularly how perceived
support from network involvement reduces physiological distress (Song LS, 2011).
Among others, Lin, Ye, and Ensel (1999) attempted to incorporate and examine all
the above-mentioned concepts. They first distinguished explicitly the structural and
functional aspects of the support from social network; then incorporated the perceived
and received support, as well as instrumental and emotional support into the func-
tional aspect. Furthermore, they refined the structural aspect by stratifying location
of a social network into three layers: outer (e.g., participation in community orga-
nizations), intermediary (e.g., connections to colleagues in the workplace), and inner
(intimate relations, e.g., friendship ties). Per this framework, each outer layer affords
individuals opportunities to build up each inner layer, which leads to a strengthen-
ing of the salutary effects of these inner layers on mental health. Lin and colleagues
hypothesized that the structural aspect of social network involvement—the three lay-
ers—constituted environment in which the functional aspect would be constructed
and sustained, and the most inner layer would relate to the strongest functional ef-
fect to reduce physiological distress. Their corresponding empirical analyses provided
affirmative results.
Asian psychologists also found evidences on the negative correlation between social
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network involvement and distress (Kim, Sherman, and Taylor, 2008; Liu, Liang, and
Gu, 1995). Among the literature, Japanese scholars showed that involving in leisure
activities was correlated with reduced depressive symptoms among Japanese workers
(Wada et al., 2007), and that lack of social activities was correlated with increased
depressive symptoms among middle-aged Japanese (Oshio, 2014). Besides, a cross-
cultural comparative study by (Fiori, Antonucci, and Akiyama, 2008) revealed that
there is no difference in psychological distress between Japanese who were involved in
an expansive set of networks and those who were not, but that significant differences
do exist for their counterparts in the United States.
Despite these theoretical postulations on how social networks are crucial for improving
mental health, this relationship has yet to be confirmed as causal. Furthermore, no
research in Japan has illustrated how the structural layers of social networks proposed
by Lin, Ye, and Ensel (1999) protect against psychological distress. A different culture
in Japan to that in Western countries makes effect of the three layers, in patricidal
that of the outer layer, be ambiguous. In Japan’s cultural context, following rules and
norms, as well as maintaining group harmony, are more important than satisfying an
individual’s needs (Taylor et al., 2004). Hence, involving in the outer layer of social
network in Japan may not reduce the psychological distress. In fact, the opposite may
be the case, and evidences are necessary for the corresponding judgment.
Accordingly, I sought to build on current literature in several respects. First, focusing
on the structural aspect of social network, I examine the positive associations between
social networks involvement and mental health among middle-aged adults in Japan.
Specifically, I stratify social network into the three layers (i.e., outer, intermediary,
and inner) to examine its structural effects. Second, I investigate the causal relations
between involvement in social networks and mental health by incorporating a one-year
lagged value of involvement in each layer as an explanatory variable. Third, I trace
the changes in these causal influences over time by further including two-year lagged
values of social network involvement. Finally, I verified the applicability of the main
effect and stress-buffering models to people in Japan.
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4.2 Methods
4.2.1 Design and Participants
I used longitudinal data over nine consecutive years obtained from a nationally repre-
sentative survey called “The Longitudinal Survey of Middle-aged and Older Persons”
(LSMEP) in Japan, which has been conducted annually since 2005 by the Ministry
of Health, Labour and Welfare (MHLW). The samples for this survey were randomly
selected through a two-stage sampling procedure. Specifically, 2,515 districts at base-
line (i.e., in 2005) were randomly selected from all 5,280 districts covered by another
nationally representative repeated cross-sectional survey (called the “Comprehensive
Survey of Living Conditions”) in 2004. Then, 40,877 respondents were selected ran-
domly from among those aged 50–59 in each selected district in a way that was propor-
tional to the size of the district and the distributions of sex and age in the population.
The self-administered questionnaires were delivered to the 40,877 respondents by enu-
merators in November 2005; the enumerators successfully retrieved the questionnaires
several days later from 34,240 respondents (response rate: 83.8 percent). For each
subsequent year (i.e., from the second year onward), the questionnaires were mailed
only to respondents who had responded to the survey within the previous one or two
year. No new respondents have been recruited since 2005; the response rate of the
latest year—2013—has declined to 58.0 percent of the total at baseline. I concentrated
on respondents continuously responding to the survey. This ultimately left us with a
sample of 15,242 respondents from year 2005 to 2013, 7,433 of which were men and
7,809 women.
4.2.2 Measurements
Psychological distress. The Kessler 6 (K6) was used to assess psychological distress
over each year of the LSMEP (Kessler et al., 2010). This measure comprises six items:
“During the past one month (30 days), how much of the time did you feel (1) nervous,
(2) hopeless, (3) restless or fidgety, (4) so sad that nothing could cheer you up, (5) that
everything was an effort, and (6) worthless?” Response choices ranged from “none of
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the time” (yielding a score of 0) to “all of the time” (yielding a score of 4). K6
scores (possible range: 0–24) were derived using the unweighted sum of the six item
scores. Higher K6 scores indicate worse mental health status, and respondents with
scores of 5 or above were considered to suffer from psychological distress in Japan.
This classification for screening mental illness among Japanese has been validated in
previous research (Furukawa et al., 2008; Sakurai et al., 2011). I used continuous
values of K6 scores, rather than the cutoff point, because I could observe marginal
change of K6 score with respect to the social network involvement. The Cronbach’s
alpha coefficient was 0.897 for the full sample.
Social network. Involvement in social networks was assessed with four dichotomous
variables (1 = yes, 0 = no) corresponding to the three layers of social networks (Lin,
Ye, and Ensel, 1999). Specifically, the variables of “having well-established friend-
ship ties” (hereafter, “friendship ties”) and “participating in hobby-related activities”
(“hobby activities”) corresponded to the inner layer. The friendship ties variable re-
flects some of people’s most intimate relations, whereas hobby activities refer to an
egocentric perspective on social networks. I measured the intermediary and outer lay-
ers of the network using the variables “having certain neighborhood ties” (“neighborly
ties”) and “participating in community work” (“community work”), respectively. The
neighborly ties variable represents slightly weaker relations compared to the above-
mentioned intimate and egocentric ones, whereas community work (e.g., organizing
sport festivals for the community) refers to community involvement; it was considered
the farthest layer from the egocentric one.
Demographic, health-related, and socioeconomic background factors. With regard to
demographic and health-related background factors, I included marital status (1 =
married, 0 = otherwise), age (derived from their birth years and months), gender
(1 = men, 0 = women), and suffering from the following diagnoses (1 = yes, 0 =
no): diabetes, heart disease, stroke, hypertension, hyperlipidemia, and cancer. For
socioeconomic factors, I assessed education level (1 = college graduate or above, 0 =
otherwise), providing long-term care to family members (1 = yes, 0 = no), working
(1 = yes, 0 = no), house ownership (1 = yes, 0 = no), and monthly income.
Similar to what I discussed in Chapter 3, data attrition is also the concern in this
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study. If respondents I concentrate on are mentally healthier than those excluded,
the results would be biased. Thus, I check the trend in average K6 score at the last
response and over the full response period with respect to the number of responses
(see Appendix Table A.2). Still, I do not confirm clear disadvantages in mental health
among respondents quickly quit the survey. For instance, those who respond to the
survey only once have a K6 score at around 3 point at the last response, fairly similar
to what reported by respondents attend the survey twice and more. In fact, respon-
dents reply to the survey over seven times have higher K6 score at the last response,
and those fully respond to the survey report the highest. It is probability because
the deterioration in mental health among these longer stay respondents are observed
unambiguously, which in turn shows that unfavorable mental health may not be the
major cause of data attrition. A similar pattern could be confirmed for the average
K6 score over full response period and thus I skip the detailed explanation.
4.3 Empirical Strategies
I first tested the difference in means of K6 scores between respondents involving and
not involving in social networks (i.e. t-test), and tested the change in K6 scores
from 2005 to 2013 for both respondents. I expected a higher mean of K6 score for
respondents who not involving in social networks, and a rising mean for them over
time. Furthermore, I employed a random-effects generalized least squares (RE GLS)
regression model to investigate the effects of the three layers of social networks on K6
scores. Additionally, I took advantage of the longitudinal nature of the data to include
lagged values of social network involvement up to two years before each corresponding
year from 2007. I expected two benefits of using such lagged values with longitudinal
data. First, I could argue for causality—namely, that social networks have a protective
effect on psychological distress, given that lagged involvement status would be treated
as exogenous to current K6 scores. Second, I could verify whether the protective effects
would diminish over time. The regression model used was as follows:
yit = α0i +α1Wit +α2Wi,t−1 +α3Wi,t−2 +α4Xit +α5X
′
i,t−1 +α6Zi + µi + uit, (4.1)
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where yit denotes K6 score of respondent i at year t; α0i was the intercept for re-
spondent i; and matrix Wit denotes involvement status in the three layers of social
networks for respondent I at year t. MatricesWi,t−1 andWi,t−2 correspond to the one-
year and two-year lags of involvement status, while matrix Xit denotes time-variant
background factors such as marital status, age, diagnoses, providing long-term care,
work status, home ownership, and monthly income. Furthermore, I included one-year
lagged values for providing long-term care and work status (X ′i,t−1) as explanatory
variables. Matrix Zi denotes observed time-invariant factors, including gender and
education level. Finally, µi denotes unobservable time-invariant factors and uit the
error term. I assumed E(µi,W ) = E(µi, X) = E(µi, Z) = E(µi, uit) = 0.
The major concerns were coefficient matrices α1, α2, and α3; I hypothesized that α1 <
0 to confirm the possible negative associations between social networks involvement
and K6 scores; I also hypothesized that α2 < 0 and α3 < 0 to confirm the possible
protective effects of involving in social networks on reducing K6 scores. With regard
to absolute value of each element of the coefficient matrices, I assumed the following:
|αk,in| > |αk,md| > |αk,out|, wherek = 1, 2, 3 (4.2)
I hypothesized that involvement in the inner layer of social networks would have the
strongest effect on psychological distress (αk,in) compared to involvement in the other
two layers; in contrast, the outer layer (αk,out) would have the weakest effect, while
the intermediary layer (αk,md) would be situated somewhere in between the inner and
outer ones. Moreover, I expected the absolute magnitudes of these coefficients would
be |α1,j | > |α2,j | > |α3,j |, where j = in,md, out, thus indicating that the protective
effect of each layer would diminish over time.
I conducted the analyses progressively from a simple Model 1 to a comprehensive
Model 3. Specifically, Model 1 incorporated only the outer layer of social networks,
while Model 2 added the intermediary layer. The full model, Model 3, further included
the two variables representing the inner layer. The influence of each outer layer was
expected to be diluted after incorporating each inner layer. Based on the Model 3, I
further stratified the data by gender. Based on preceding literature, I expected that
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the protective effects of social networks would be stronger for women than for men. I
also stratified the data by the screening cutoff for psychological distress according to
K6 scores (i.e., 5 points) to investigate the possible mechanism underlying the relation
between social network and psychological distress in Japan. More specifically, the
main-effects model would be applicable if the α coefficients are statistically significant
for respondents in both K6 score groups; in contrast, the stress-buffering model would
be supported if the α coefficients were statistically significant for those whose K6
scores are 5 or above. All estimations were conducted using Stata 14.1.
4.4 Results
4.4.1 Basic Statistics
Table 4.1 summarized the K6 scores, involvement in social networks, and background
factors between 2005 and 2013. The average K6 score of the full sample was 3.336
(standard deviation (SD) 4.14); women reported higher K6 scores than did men, at
3.514 (SD 4.17) and 3.105 (SD 4.07), respectively. Regarding involvement in social
networks, a greater proportion of women were involved in the inner and intermediary
layers of social networks than were men. However, a slightly lower proportion was
involved in the outer social network.
Table 4.1: Descriptive statistics of variables over 2005–2013 by gender.






SD (4.14) (4.07) (4.17)
Social Network Factors:
Friendship ties % 89,522 81.71 75.29 86.61
Hobby activities % 86,224 63.68 59.22 67.14
Neighborly ties % 89,458 67.66 58.53 74.65
Community work % 86,168 35.13 36.19 34.3
Background Factors:
Married % 93,938 85.01 86.11 84.17
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Descriptive statistics of variables over 2005–2013 by gender (continued).





SD (3.76) (3.72) (3.78)
Sex % 137,178 45.53
Diagnoses:
Diabetes % 81,821 10.34 13.81 7.57
Heart diseases % 81,732 4.32 6.01 2.96
Stroke % 81,645 2.12 2.92 1.48
Hypertension % 81,933 26.97 30.72 23.98
Hyperlipidemia % 81,666 14.56 14.05 14.97
Cancer % 81,523 2.71 2.56 2.83
College % 90,456 14.72 25.19 6.65
Providing long-term care % 86,964 10.33 7.74 12.33
Work status % 93,621 66.54 81.14 55.29




SD (922.13) (1061.02) (717.96)
House ownership % 93,466 87.45 86.98 87.82
M: mean; SD: standard deviation.
Table 4.2 showed the mean K6 scores according to involvement status in each layer
of social networks, along with the differences in K6 scores between respondents who
had no involvement in networks and those who did. For each layer, I verified that
those who were not involved had significantly higher K6 scores. I also found that the
difference in K6 scores for the intermediary network layer was larger than that for
the outer layer; the largest difference was for friendship ties, one of the inner layer
variables.
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Table 4.2: Differences in Kessler 6 scores by social network involvement status.
Layers Variables
Yes No t-test
M SD M SD Diff.
Inner
Friendship ties 3.10 (3.86) 4.36 (4.98) 1.27 ***
Hobby activities 2.94 (3.66) 3.95 (4.67) 1.02 ***
Intermediary Neighborly ties 3.08 (3.84) 3.83 (4.60) 0.75 ***
Outer Community work 2.98 (3.71) 3.48 (4.25) 0.50 ***
∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01
Table 4.3 traced the changes in mean K6 scores over time from 2005 to 2013 by
involvement status. Consistent with the results in Table 4.2, in year 2005, I confirmed
higher K6 scores for those were in absence of social network involvement. In year
2013, furthermore, I found significant increases in mean K6 scores for those being out
of social network. On the other hand, I did not confirm such significant increase for
respondents involved in social networks. Accordingly, the gap of K6 became enlarged
from 2005 to 2013, where the largest increase was found for the absence of friendship
ties.
Table 4.3: Changes in Kessler 6 scores from 2005 to 2013.
2005 2013 t-test
M SD M SD Diff.
Friendship ties
Yes 2.92 (3.78) 2.91 (3.72) -0.01
No 3.96 (4.89) 4.48 (4.98) 0.52 ***
Hobby activities
Yes 2.8 (3.64) 2.76 (3.54) -0.03
No 3.53 (4.46) 4.01 (4.71) 0.48 ***
Neighborly ties
Yes 2.88 (3.72) 2.91 (3.70) 0.02
No 3.56 (4.53) 3.84 (4.58) 0.28 ***
Community work
Yes 2.82 (3.63) 2.75 (3.50) -0.06
No 3.19 (4.12) 3.54 (4.35) 0.35 ***
∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01
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The tests in Table 4.2 and 4.3 intuitively verified inferior mental health statuses for
respondents who did not involve in corresponding social network, and the disadvantage
of mental health was lasting with time. However, the results were derived without
control of other important background variables, and thus further investigations using
RE GLS method were necessary.
4.4.2 Effects of Social Networks on Psychological Distress
Table 4.4 illustrated the estimation results of the RE GLS method with three models.
In Model 1, I found a significant negative association between the outer layer and
K6 scores, supporting the hypothesis that involvement in social networks would be
negatively correlated with psychological distress. However, I found no evidence that
the one- and two-year lagged involvement in the outer layer contributed to better
mental health.
Table 4.4: Effects of social network involvement on K6 using
RE GLS regressions.
Model 1 Model 2 Model 3
Coef. SE Coef. SE Coef. SE
Current Status:
Friendship ties -0.36*** (0.06)
Hobby activities -0.43*** (0.04)
Neighborly ties -0.28*** (0.05) -0.17*** (0.05)
Community work -0.24*** (0.04) -0.16*** (0.04) -0.13*** (0.04)
One-year Lags:
Friendship ties -0.22*** (0.06)
Hobby activities -0.15*** (0.04)
Neighborly ties -0.21*** (0.04) -0.13*** (0.04)
Community work -0.05 (0.04) 0.03 (0.04) 0.05 (0.04)
Two-year Lags:
Friendship ties -0.17*** (0.05)
Hobby activities -0.14*** (0.04)
Neighborly ties -0.09** (0.04) -0.02 (0.04)
Community work -0.02 (0.04) 0.02 (0.04) 0.04 (0.04)
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Effects of social network involvement on K6 using RE GLS re-
gressions (continued).
Model 1 Model 2 Model 3
Coef. SE Coef. SE Coef. SE
Married -0.45*** (0.09) -0.46*** (0.09) -0.45*** (0.09)
Age -0.15*** (0.01) -0.14*** (0.01) -0.13*** (0.01)
Gender -0.29*** (0.06) -0.38*** (0.06) -0.53*** (0.06)
College -0.28*** (0.07) -0.31*** (0.08) -0.14* (0.08)
Diagnoses:
Diabetes 0.30*** (0.08) 0.30*** (0.08) 0.29*** (0.08)
Heart disease 0.62*** (0.11) 0.62*** (0.11) 0.61*** (0.11)
Stroke 1.13*** (0.22) 1.19*** (0.22) 1.12*** (0.23)
Hypertension 0.16*** (0.05) 0.15*** (0.05) 0.15*** (0.05)
Hyperlipidemia 0.13** (0.05) 0.14** (0.05) 0.17*** (0.05)
Cancer 1.38*** (0.16) 1.35*** (0.16) 1.37*** (0.17)
Long-term care 0.60*** (0.06) 0.58*** (0.06) 0.58*** (0.06)
Work status -0.39*** (0.06) -0.38*** (0.06) -0.40*** (0.07)
One-year Lags:
Long-term care 0.26*** (0.06) 0.27*** (0.06) 0.26*** (0.06)
Work status -0.09 (0.06) -0.10* (0.06) -0.09 (0.06)
Income (Logarithm) -0.06*** (0.02) -0.07*** (0.02) -0.07*** (0.02)
House ownership -0.57*** (0.10) -0.48*** (0.10) -0.41*** (0.10)
Bootstrap robust standard errors are shown in parentheses, adjusted for clusters in districts.
∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01
In Model 2, I confirmed that involvement in the intermediary and outer layers were
significantly associated with lower K6 scores. The magnitude of the effect of the
intermediary layer was approximately twice that of the outer layer; furthermore, the
magnitude of effect of the outer layer effect was considerably reduced from that in
Model 1. Considering the lagged values, I found a significant causal relation only
between the intermediary layer and psychological distress; that is, having neighborly
ties one year before the current year had a significant effect on reducing K6 scores.
For the two-year lag, this effect decreased drastically.
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In Model 3, I found significant negative associations between all layers and K6 scores.
Digging deeper, I verified that the inner layer had the strongest association among
the three. Furthermore, with insertion of the inner layer variables, the magnitudes of
the intermediary and outer layers reduced respectively than them in Model 2.
Concentrating on casual relations, I confirmed that the one year lagged inner and
intermediary network involvement led to significantly lower psychological distress.
Comparing coefficients on the two year lagged involvements to that on the one year
lagged involvements, I found that the effect of the intermediary layer on psychological
distress diminished substantially than that of the inner layer. With regard to the
background factors, the results were robust across the models. Specifically, the K6
scores were negatively associated with marriage, and being a college graduate. Men
reported lower K6 scores than did women. Suffering from any illness was positively
associated with K6 scores. Providing long-term care and working status were posi-
tively and negatively associated with K6 scores, respectively. Furthermore, one-year
lagged provision of long-term care led to significantly higher K6scores. Finally, in-
come and house ownership were negatively associated with K6 scores. Regarding the
significance, the sign, and the magnitude of coefficients, I found consistent results
even if I used the cutoff point of K6 scores, and thus the robustness of the results was
confirmed.
4.4.3 Effect of Involvement in Social Networks by Gender
Based on Model 3 in Table 4.4, I also estimated the effects of social network in-
volvement separately by gender (Table 4.5). Notably, the inner layer was negatively
associated with K6 scores for both men and women, where the magnitude of the ef-
fect of hobby activities was greater than that of friendship ties. Overall, involving in
inner layers were more protective for women than for men. The coefficients for the
intermediary and outer layers, however, differed by gender. The intermediary layer
being significantly and negatively associated with K6 scores only for men and did the
outer layer only for women.
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Table 4.5: Effects of social network involvement on K6 by gen-
der using RE GLS regressions.
Men Women
Coef. SE Coef. SE
Current Status:
Friendship ties -0.32*** (0.07) -0.44*** (0.10)
Hobby activities -0.35*** (0.06) -0.51*** (0.07)
Neighborly ties -0.23*** (0.06) -0.09 (0.06)
Community work -0.09 (0.06) -0.16*** (0.05)
One-year Lags:
Friendship ties -0.27*** (0.07) -0.17* (0.09)
Hobby activities -0.16*** (0.05) -0.12** (0.06)
Neighborly ties -0.10* (0.06) -0.06 (0.06)
Community work -0.06 (0.05) -0.04 (0.06)
Two-year Lags:
Friendship ties -0.17*** (0.06) -0.18* (0.09)
Hobby activities -0.14** (0.05) -0.19* (0.06)
Neighborly ties -0.03 (0.06) -0.02 (0.07)
Community work 0.09 (0.06) 0.01 (0.05)
Bootstrap robust standard errors are shown in parentheses, adjusted for clusters in
districts. Demographic, health, and socioeconomic factors as well as year dummies
from 2008 to 2013 were controlled in the estimation.
∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01
Regarding the causal relations, I found that the inner layers led to significantly less
physiological distress regardless of gender. For the inner layers, one-year lagged friend-
ship ties and hobby activities led to a reduction in K6 scores for both men and women.
Focusing on two-year lagged values, the protective effects of the inner layer networks
diminished for men with time, but not for women. For the intermediary layer, one-
year lagged neighborhood ties modestly improved mental health for men, but this
effect faded completely over time.
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4.4.4 Main effects versus Stress-buffering Models
I further stratified estimations by the K6 screening cut-off to verify which model—main
effects or stress-buffering—governed the relations between social network involvement
and mental health in Japan (Table 4.6). The left panel illustrates the estimations
for men and women who were psychologically distressed (K6≥5; full sample: 29.2
percent, men: 27.1 percent, women: 30.8 percent), and the right one illustrates the
estimations for those who were not (K6 < 5).
At the first glance, it would appear that, in Japan, the stress-buffering model was
more applicable than the main effects model. Focusing on the left panel of Table 4.6,
involvement in the inner-layer social networks was significantly and negatively associ-
ated with K6 scores for both men and women under distress. Besides, involving in the
intermediary and outer layers was also negatively associated with K6 scores for women
suffering from distress. The associations, overall, were stronger for women than for
men. For the causal relationships, only inner layer involvements significantly reduced
K6 scores regardless of gender. The effect of having friendship diminished over time
for men, whereas it was lasting among women. On the other side, the intermediary
and outer layers did not shed significant impact on mental health improvement for
men and women under distress.
Turning to the right panel of Table 4.6 and focusing on people not suffering from
distress, only the inner layer involvements reported negative associations. However,
the associations were inconsistent by gender; that is, having friendship ties associated
with lower K6 only for men, and joining hobby activity, despite moderately, did only
for women. However, there was no significant evidence for causal relationships like
that in the left panel, neither for men nor for women.
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4.5 Discussion
The negative correlation between social network and psychological distress has been
widely documented in past literature (Santini et al., 2015; Szreter and Woolcock,
2004). In the present study, I build on the validity of these observations by implement-
ing the RE GLS method with nationally representative longitudinal data (2005–2013)
from middle-aged people in Japan. By stratifying social networks into three layers (in-
ner, intermediary, and outer) and including one-year and two-year lagged involvement
in each corresponding layer, I confirmed the following: (1) all layers of social networks
were significantly and highly negatively associated with K6 scores; (2) the strongest
association was between the inner layer and K6 scores, while the weakest association
was between the outer layer and K6 scores; (3) the associations were generally stronger
among women than men; (4) involving in the inner and intermediary layers of social
networks led to significantly lower K6 scores, while no clear causal relation was found
for the outer layer; (5) the protective effects of the inner and intermediary layers on
mental health diminished over time for men, but seemed to strengthen for women (in
particular the effect of the inner layer); and (6) taking both association and causality
into account, the stress-buffering model appears to be most applicable in Japan for
understanding the relations between social networks and psychological distress.
The findings (1) is in line with previous research in Western countries showing pos-
itive associations between social networks and mental health (Fiori, Antonucci, and
Cortina, 2006; Giurgescu et al., 2015; Kawachi and Berkman, 2001; Pachucki et al.,
2015). Furthermore, despite the different specifications of the network layers, finding
(2) was, as expected, consistent with that of the original study (Lin, Ye, and Ensel,
1999) in terms of the significance and magnitude of the associations between each
layer and psychological distress. Specifically, it is found that maintaining emotion-
ally intimate relationships (e.g., friendship ties) and involving in networks that satisfy
the ego (e.g., hobby activities) had the strongest, most sustained effects on reducing
psychological distress. Neighborly ties—representing the intermediary layer of social
networks—also contributed to improve mental health, but the effects of this layer were
somewhat weaker than were those of the inner layer and faded moderately over time.
Chapter 4. Socio-economic Determinants of Health Captial II 69
Although the outer layer was negatively associated with psychological distress, it did
not appear to have a direct effect on mental health improvement, given that neither
of the corresponding lags had a significant effect on psychological distress in any of
the models in Table 4.4.
Finding (3), moreover, updates the original findings by delineating gender differences.
Japanese middle-aged women are more likely to have inner layer involvement. In the
research, the proportions of women involving in inner layers are higher than that of
men by about 10 percent points (Table 4.1). Furthermore, the negative association
between the inner layer and K6 scores is also stronger for Japanese women than the
one for men. These findings could be explained by cultural characteristics in Japanese
society such that it is culturally more acceptable for Japanese women to express
emotion within intimate relations than it is for men, and thus women comparatively
obtain stronger support from these relations (Belle, 1987; Flaherty and Richman,
1989; Kawachi and Berkman, 2001). Besides, it is found that women are more likely to
mobilize support from diverse social networks more frequently compared to men who
tend to focus on conjugal relations and rely exclusively on their spouses (Antonucci
and Akiyama, 1987; Fu and Noguchi, 2016). This is supported by the findings as well,
where the inner and outer layers of social networks are simultaneously linked to lower
psychological distress.
Finding (4) revealed that having friends and joining in hobby activities lead to better
mental health among middle-aged adults in Japan; in contrast, being involved in
community work has no clear benefits. Most of the community works in Japan (e.g.,
cleaning fallen leaves in central parks or organizing sports festivals) are, to some
extent, obligatory. Japan’s culture of interpersonal harmony disapproves of extreme
choices in all aspects of social life, which can make it difficult for individuals to say no
to invitations to join in community works (Kitayama, Markus, and Kurokawa, 2000;
Triandis, 2001). In the short term, becoming involved in community work may be
positively associated with mental health, as people would make acquaintances during
such work; in the long term, however, the burden of obligatory work might overwhelm
the benefits and thereby lead to psychological distress. In contrast, friendship ties
and hobby activities, considered to belong to the inner layer of networks, are optional
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and voluntary (Antonucci and Akiyama, 1995). In sum, companionship provided by
friends and self-fulfillment obtained from hobby activities appear to most effectively
improve mental health in both the short and the long term.
Finding (5) illustrates how the protective effects of social networks for psychological
distress change over time by gender. Interestingly, the protective effect of the inner
layer weakens for men but appears to strengthen for women. Combining with Finding
(3), discussed earlier, I posit that gender inequality in the protective effect of the
inner layer on mental health might grow over time in Japan. Put another way, the
advantage of support from intimate relations for women might be enhanced with time,
whereas it may work in the opposite way for men. This may reflect the fact that with
the deepening of relations, women may increasingly rely on companions within their
networks.
Finding (6) illustrates the importance of the stress-buffering model to explaining the
protective effect of social networks in Japan. This is consistent with preceding research
in Western countries (Cohen and Wills, 1985; Jimmieson et al., 2010; Kawachi and
Berkman, 2001; Mossakowski and Zhang, 2014). It appears that involvement in social
networks (in particular the inner layer) might help Japanese middle-aged adults suffer-
ing from psychological distress modulate their responses to stressful events, which in
turn protects them against worsening of such distress. Regarding the finding, however,
I shall notice that social network helps people under stress only if they got involved
into the network; whereas people suffering from distress are found be less likely to
join social networks (Achterberg et al., 2003). Taking the Japan’s unfavorable social
settings regarding mental disordered people into consideration, I suggest government
to encourage people under distress to involve more frequently into social networks
that may effectively prevent deterioration of mental health.
This study suffers several limitations. First, I could not control for unobservable indi-
vidual factors that might correlate with both psychological distress and social network
involvement. A well-known example would be introversion, an individual personal-
ity trait that is considered unobservable, which might be simultaneously associated
with less social network involvement and lower psychological distress. In addition,
I do not consider respondents quitting the survey, mental health of whom might be
Chapter 4. Socio-economic Determinants of Health Captial II 71
worse than those continuously responding to the questionnaires. Thus, the findings
might overestimate the effects of social network involvement on mental health. Sec-
ond, due to the data limitation, I do not measure the functional aspect of support
from social network as Lin and colleagues did. Also, I cannot rule out the possibility
of measurement error, as the data are collected from self-reported and retrospective
surveys. Further, I do not consider dynamic process of mental health, that is, I do
not include lagged K6 scores as one explanatory variable. The reason is that after
using the dynamic panel data (DPD) model to control endogeneity issue raising from
lagged K6, I find the effects of social network involvement are not statistical different
to that in the initial model. In fact, by implementing DPD model, I confirm the ro-
bustness of the findings. Similarly, I do not consider the bidirectional relation between
the social network and mental health, which is well documented in literature utiliz-
ing cross-lagged panel method (Kenny, 1975). Finally, I compare and distinguish the
findings to literature in Western countries, but not to that in other Asian countries;
discussions are accordingly limited. These issues should be discussed and addressed
in future investigations.
4.6 Concluding Remarks
In conclusion, this study suggests that involvement in social networks leads to less
psychological distress among middle-aged adults in Japan. Moreover, involvement in
the inner layer of social networks had the strongest effect. These findings could be
useful for preventing mental health deterioration among middle-aged adults in Japan,
and further research with comprehensive measurements of social support and social
capital should be necessary to obtain a deeper understanding of their relations to
mental health.
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Appendix
Table A.2: Average K6 at the last response and over full response period.
N Respondent K6
last response full period
1 332 3.02 (3.78) 3.02 (3.78)
2 737 2.99 (4.05) 2.88 (3.44)
3 1,324 3.02 (3.73) 2.89 (3.23)
4 1,877 2.87 (3.68) 2.98 (3.23)
5 2,698 2.97 (3.78) 3.03 (3.18)
6 5,988 3.01 (3.94) 3.10 (3.28)
7 6,373 3.23 (4.15) 3.28 (3.45)
8 7,187 3.20 (4.05) 3.37 (3.43)
9 15,384 3.31 (4.10) 3.41 (3.63)
Notes: standard deviation in parentheses. Year: number of response years, N: number
of respondents, last response: average of the health statuses at the last response year,
full period: average of health statuses during the full response period.
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Chapter 5
Spillover Effect of Long-term Care
Service Utilization*
In this chapter, I evaluate a spillover effect of the Japanese LTCI as a policy to stim-
ulate family caregivers’ labor force participation. Using a nationally representative
data from 1995 to 2013, we apply difference-in-difference propensity score matching
to investigate the spillover effect in two periods: before and after the introduction of
the LTCI in 2000, and before and after its major amendment in 2006. The results
show that the LTCI introduction has significant and positive spillover effects on fam-
ily caregivers’ labor force participation, and the effects varies by gender and age. In
contrast, the LTCI amendment is found to have generally negative spillover effects
on labor force participation of family caregivers. I draw attention to this spillover
effects, as expanding labor market supply to sustain the economy would be a priority
for Japan and other rapidly aging countries in the coming decades.
The remainder of this chapter is arranged as follows. Section 5.1 reviews the literature.
Section 5.2 introduces the data. Section 5.3 describes the econometric strategies.
Section 5.4 presents the empirical results, and Section 5.5 concludes. Appendices are
listed at the end of this chapter.
*This chapter is an outgrowth Rong Fu, et al.(2017) “Spillover Effect of Japanese Long-Term Care
Insurance as an Employment Promotion Policy for Family Caregivers”, Journal of Health Economics,
Vol.56, p103-112.
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5.1 Introduction
Japan’s population has aged much faster than that of any other country, leaving an
urgent issue of increasing demand on long-term care with the government (Campbell
and Ikegami, 2000; Tamiya et al., 2011). On another track, Japanese government
is also concerned about sustaining the economy with insufficient labor force in the
context of a super-aged society (Schröder et al., 2016).
In response to the former issue, public long-term care insurance (LTCI) system was
launched in 2000 in Japan (Campbell, Ikegami, and Gibson, 2010; Campbell, Ikegami,
and Gibson, 2010). The LTCI is a mandatory insurance with universal coverage. The
main object of the LTCI is to “socialize” the responsibility of long-term care (LTC)
of old persons, regarding the rising life expectancy, shrinking household size, and
increasing number of working women in Japan (MHLW, 2002). Every Japanese aged
40 and older (40+) pays an LTCI premium; and every one aged 65 and older (65+) is
eligible for benefits on the basis of his/her physical and mental conditions, in six levels
of needs from the mildest support required level (SL) to the most severe care level 5
(CL5)1. Premiums are around one percent of income for those aged 40–64 years; for
those 65+ premiums are on average JPY5,500 per month (about USD54, purchasing
power parities in 2016) (MHLW, 2015). Regarding the benefits, eligible recipients
65+ receive formal care services from suppliers in the LTC market and are financially
supported by the government to pay for the fees. Various services—both at-home
and institutional—are covered: housekeeping, bathing, visiting nurse, rehabilitation,
day services, short-stay service/care, medical care management counseling, welfare
devices leasing/purchasing and home renovation are included in at-home services;
nursing homes as well as chronic-care hospitals are included in institutional services.
Recipients pay barely 10 percent of the fees (Tamiya et al., 2011).
1Specifically, ‘SL’ referred to recipients living independently but requiring help for Instrumental
Activities of Daily Living (IADL). ‘CL1’ recipients need more assistance in terms of IADL compared
to ‘SL’ recipients. ‘CL2’ recipients have additional need with basic Activities of Daily Living (ADL)
above ‘CL1’. ‘CL3’ recipients require more services than those in ‘CL2’, thus needing total care.
‘CL4’ recipients fulfil all the above-mentioned conditions and have poor functioning in terms of ADL.
‘CL5’ recipients find it impossible to live without care and have stronger needs in terms of ADL than
‘CL4’ recipients. In 2006, the amendment re-categorised ‘SL’ and ‘CL1’ into ‘SL1’ and ‘SL2’, where
‘SL1’ applies to recipients living independently but requiring help with IADL, and ‘SL2’ denotes
those requiring more assistance than ‘SL1’ recipients and might deteriorate to ‘CL1’. Care recipients
in ‘SL1’ and ‘SL2’ are eligible for preventive long-term care (PLTC) services, and those in ‘CL1-5’
are continuously eligible for LTC service.
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As formal and informal care are partial substitutes (Charles and Sevak, 2005; Sta-
bile, Laporte, and Coyte, 2006), the generous formal services covered in LTCI are
expected to mitigate unpaid family caregivers’ burden. Being released from some as-
pects caregiving, economically active caregivers may opt to increase their labor force
participation (LFP) or re-enter the labor force. This improved LFP of caregivers—a
positive spiller effect of LTCI—shall be assessed to shed a more comprehensive insight
into the importance of LTCI arrangements.
Various studies in western countries explore the differential LFP of caregivers than
non-caregivers, with the findings being inconclusive (Lilly, Laporte, and Coyte, 2007).
Van Houtven, Coe, and Skira (2013) find male caregivers in the United States are
less likely to work than non-caregivers. Also for the United States, Skira (2015)
finds female caregivers are more often to provide intensive care to their parents, and
report in less likelihood of working than non-caregivers. Lilly, Laporte, and Coyte
(2010) find that caregivers in Canada have lower LFP than non-caregivers. Carmichael
and Charles (2003) find that providing care more than ten hours per week results
in lower LFP in UK, regardless of gender. In contrast, Dentinger and Clarkberg
(2002) find that the United States male caregivers postpone their retirement more
than non-caregiving men; and McGarry (2006) argues that the United States female
caregivers cut back on leisure time in order to provide care. Studies using Japanese
data consistently show negative impact of care duties on LFP (Fukahori, Sakai, and
Sato, 2015; Sugawara and Nakamura, 2014; Yamada and Shimizutani, 2015).
In most of the literature, LFP is measured among caregivers aged 15 to 64 years in
the light of corresponding mandatory retirement legislations. Excluding people older
than 65 from analyses, under the current demographic changes, overlooks an increasing
extent to which old persons enter the labor force. The latest labor force statistics in
Japan and the United States reveal LFP ratios at 42.7 percent and 30.8 percent for
people aged 65 to 69 years (Statistics Bureau, 2016; Bureau of labor statistics, 2016).
More importantly, as over half of the caregivers in Japan are 65+ (MHLW, 2013),
analysis of LFP among caregivers aged 65+ will help inform family and labor policy
formulations in the context of super-aged society. Accordingly, I extend the scope of
this study to include caregivers 65+.
Chapter 5. Spillover Effect of Long-term Care Service Utilization 76
There is potential endogeneity between LFP and caregiving activity where researchers
argue that lower LFP of caregivers stems from their caregiving activities (Lilly, La-
porte, and Coyte, 2007). People that have weaker/stronger attachment to labor force
are more/less likely to self-select into caregiving (Henz, 2004; Van Houtven, Coe,
and Skira, 2013). As many studies focus exclusively on caregivers and utilize cross-
sectional data, it is difficult to adjust for endogeneity (Bolin, Lindgren, and Lundborg,
2008; Heitmueller, 2007). Recent studies tackle the issue using instrumental variable
(IV) and panel data (Bolin, Lindgren, and Lundborg, 2008; Coe and Van Houtven,
2009; Heitmueller, 2007; Leigh, 2010; Van Houtven, Coe, and Skira, 2013). However,
disagreement exists among these methods studies toward the effect of preexisting
labor status on the likelihood of care provision, leaving the potential endogeneity
unresolved. To address endogeneity in this study, I apply a difference-in-difference
propensity score matching (DID-PSM) approach (Schmitz and Westphal, 2015) to
control for observable demographic and socio-economic differences between caregivers
and non-caregivers.
While studies in western countries include both male and female caregivers (Lilly,
Laporte, and Coyte, 2007), many of those in Japan focus exclusively on female care-
givers (Sugawara and Nakamura, 2014; Oshio and Usui, 2017; Shimizutani, Suzuki,
and Noguchi, 2008). In Japan, men’s caregiving is increasing. According to the
MHLW (2013), the rate of male caregivers has increased threefold, from 11.2 percent
in 1984 to 31.3 percent in 2013, which might be associated with raising unemploy-
ment rate among male workers. In their recent research, Fukahori, Sakai, and Sato
(2015) find that male caregivers have lower LFP at 7-10 percent than non-caregivers.
I include both male and female caregivers in the analysis, and I explore the gender
differences in LFP among Japanese caregivers.
As regards the spillover effect of LTCI, Coe, Goda, and Van Houtven (2015) find adult
children in the United States providing care to their parents report higher likelihood of
working with LTCI. Studies in Japan, meanwhile, have not reached a consensus about
such spillover effect. Tamiya et al. (2011) find a higher LPF of caregivers with high
household income with LTCI; Sugawara and Nakamura (2014) also find improved LFP
for female caregivers. Instead, Fukahori, Sakai, and Sato (2015) and Sakai and Sato
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(2007) do not find significant evidence for the spillover effect of LTCI on caregivers’
LFP.
However, to the best of my knowledge, none of the preceding literature analyzes a po-
tential negative spillover effect on LFP of the LTCI amendment in 2006. As the LTCI
operated as a pay-as-you-go program, an increase in demand for LTC services left
great fiscal difficulty with the government. During its first five years, the expenditure
on LTCI soared from 3.6 to 6.4 trillion yen, much faster than expected (Shimizutani,
Suzuki, and Noguchi, 2008). A crucial reason was the sharply increasing number of
recipients with mild care needs (Campbell, Ikegami, and Gibson, 2010; Sugawara and
Nakamura, 2014; Tamiya et al., 2011). Accordingly, the government amended the
LTCI in April 2006 to contain the costs by reducing benefits for recipients with mild
care needs—those in SL and CL1. In addition to the existing LTC services, preven-
tive long-term care (PLTC) services with fewer benefits were constructed for these
recipients (Tsutsui and Muramatsu, 2007).
Figure 5.1: Trends in proportions of care level during LTCI amendment.
Notes: SL is the abbreviation for support required level, TSL for temporary support
required, SL1-2 for support required level 1-2, and CL1-5 for care level 1-5. Data
Source: Monthly report of Fact-finding Survey on Project of Long-term Care http:
//www.mhlw.go.jp/topics/0103/tp0329-1.html#itiran
The process of amendment is illustrated in figure 5.1. In March 2006, i.e. the month
just before the amendment, about 700,000 and 1,400,000 recipients were in SL and
CL1, accounting for half of the total recipients. One month later, 91.3 percent of
SL recipients were moved to a temporary category, so-called temporary support re-
quired level (TSL). Then, TSL recipients would be re-categorized into either of newly-
established support required level 1 (SL1) or support required level 2 (SL2). As Figure
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5.2 illustrates, SL recipients were re-categorized to SL2 only if they suffer from serious
health deterioration, otherwise they went to SL1 (Suzuki, 2007). No matter which cat-
egory TSL recipients were re-categorized into, they became eligible for PLTC services
rather than LTC services. Similarly, CL1 recipients stayed only if their health were
expected to deteriorate shortly; otherwise they were re-categorized into SL2 (Figure
5.2). Also, they were no longer eligible to utilize LTC services if moved to SL2. In May
2006, more than 60,000 and 50,000 recipients in TSL and CL1 had been re-categorized
into SL1 and SL2, respectively. One year after the amendment, number of recipients
in TSL was negligible and one-third of the CL1 recipients were moved to SL2.
Figure 5.2: Re-categorization of recipients in SL and CL1 in the Amend-
ment.
Notes: SL is the abbreviation for support required level, CL1 for care level 1
As previously mentioned, the amendment reduces benefits for recipients using PLTC
services. First, types of services covered in PLTC are fewer compared to that in
LTC. For instance, housekeeping that had been provided to SL recipients before the
amendment was no more available for SL1 recipients. Furthermore, the monthly upper
limits of financial support for SL1/2 recipients were reduced (Table 5.1).
For recipients re-categorized from SL to SL1, the monthly upper limit was reduced
from JPY61,500 (17.2 percent to that for CL5) to JPY50,030 (13.7 percent to that for
CL5). Similarly, for those re-categorized from CL1 to SL2, the upper limit decreased
from 46.3 percent to 29.0 percent to that for CL5. Meanwhile, the upper limits for
CL2-5 recipients remained in terms of the percentage to the upper limit for CL5.
Studies show that the amendment contains the LTCI cost to a certain extent (Tamiya
et al., 2011). At the other side of the coin, the caregiving burden came back to
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Table 5.1: Upper limits of allowance for (P)LTC services before and after 2006
amendment.





JPY % JPY %
SL LTC 61,500 17.2
SL1 PLTC 50,030 13.9
SL2 PLTC 104,730 29.0






CL3 267,500 74.7 CL3 269,310 74.7
CL4 306,000 85.4 CL4 308,060 85.4
CL5 358,300 100 CL5 360,650 100
Notes: The upper limits for (P)LTC care utilization in JPY. Practically, the upper limits are
set in terms of point, and one point corresponds to JPY10 on average. I simply show the upper
limits of allowance regarding the exchange ratio as 1:10, while the ratio varies slightly among
prefectures. For instance, one point corresponds to the JPY11.4 in Tokyo, and to JPY10.2 in
Hokkaido. The percentages are derived in terms of the upper limits for CL5, respectively.
households. As of 2006, caregivers of the PLTC recipients, once again, carried on the
care duties that had been shared with formal care suppliers. The reloaded burden
may reduce caregivers’ labor force commitment, and this impact should be examined
to assess the overall spillover effects. To this end, this research analyzes the spillover
effect of the LTCI on caregivers’ LFP corresponding to the two policy changes of the
LTCI: the introduction in 2000 and the amendment in 2006.
5.2 Data and Measurements
I use the data of the Comprehensive Survey of Living Conditions (CSLC), which is a
nationally representative repeated cross-sectional survey of the non-institutionalized
population in Japan. The CSLC has been conducted once every three years from
1986 by the MHLW.2 The CSLC contains four questionnaires focusing on household,
health, income/saving, and LTC.3 The questionnaires related to household and health
cover full respondents, comprising 600,000-800,000 people from approximately 300,000
2The CSLC is conducted every year, whereas a large-scale survey including plentiful information
necessary to the analysis is conducted every three years.
3LTC questionnaire was newly introduced into the CSLC after the introduction of LTCI in the
year of 2000.
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households in each survey year. The questionnaires on income/saving and LTC com-
plementarily cover a part of the full respondents, including around 100,000 and 6,000
people, respectively.
I first define the outcome variable to represent LFP in this study. I confirm respon-
dents’ current work statuses by a question to respondents in the household ques-
tionnaire: ‘Are you currently working?’ and consider respondents to be “currently
working” if they self-report have full- or part-time jobs, otherwise categorize them
into “currently not working”. Furthermore, to analyze the influences of the LTCI in-
troduction and amendment on LFP, I separate the respondents respectively into two
groups: one includes respondents whose LFP are affected by the policy changes (i.e.
treatment group), and one includes those being in the absence of the policy changes
(i.e. control group).
Treatment and control groups for the LTCI introduction. To identify treated respon-
dents whose LFP improved after the LTCI introduction in 2000, I combine the data
from the questionnaires on household and health from 1995 to 2004 (i.e., the latest
survey year before the amendment). The treatment group includes respondents aged
30 years and older (30+) who are main caregivers for co-residential care-needing old
persons aged 65+; and the control group includes respondents 30+ who are not care-
givers but co-resident with old persons 65+.4 The procedure through which I find a
main caregiver is as below. I confirm his/her household-member identification number
by a question to every care-needing old person in the household questionnaire: ‘Please
report the household-member identification number of your main caregiver living with
you’. I then match the number to that of all household members related to this old
person to identify his/her main caregiver.
Treatment and control groups for LTCI amendment. To identify treated respondents
whose LFP are negatively affected by the 2006 amendment, I merge three question-
naires, household, health, and LTC questionnaires, from 2001 to the latest 2013. In
the LTC questionnaire, each recipient is required to report his/her current care (sup-
port) level. Based on the information, I identify recipients suffering from the reduced
4I focus on respondents aged 30+ in order to balance the characteristics of non-caregivers and
caregivers. Merely 0.61% of caregivers are under 30 years, while 21.7% of the non-caregivers are
under 30.
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benefits after the amendment. Caregivers for these recipients have to resume care du-
ties and thus reduce labor force commitment. The treatment group includes caregivers
30+ of recipients 65+ who are in SL before the amendment and in SL1 afterwards
(SL-SL1), because they are eligible for LTC services before the amendment and for
PLTC service afterwards. The control group includes caregivers 30+ of recipients 65+
in CL2-5 before and after the amendment. As the controlled caregivers are eligible
for LTC services, they are regarded to be in the absence of the policy change.
Two points are worth mentioning. First, I exclude caregivers of recipients re-categorized
into SL2 after the amendment from the treatment group. Although most of the SL2
recipients were in CL1 before the amendment (CL1-SL2), some of them were in SL
(SL-SL2) (Suzuki, 2007; Tsutsui and Muramatsu, 2007). The amendment reduces ben-
efits for the CL1-SL2 recipients, but it upraised the ones for the SL-SL2 (Table 5.1).
Put differently, caregivers of the two types of recipients were motivated oppositely in
terms of LFP. Due to data limitations, I could not verify precisely the proportion of
CL1-SL2 caregivers such that including caregivers of SL2 recipients would disturb the
validity of the findings.
Second, I include caregivers of CL4-5 recipients into the control group in order to
guarantee sufficient sample size for analyses, since CL4-5 recipients account for over
26 percent to 6,000 recipients in each survey year. Meanwhile, I concern about the
systematical differences between CL4-5 caregivers and SL-SL1 caregivers. To address
the issue, I match each of SL-SL1 caregivers with similar CL2-5 caregivers regarding
various factors about their demographic, socio-economic, and health statuses. I con-
firm that CL2-5 (including CL4-5) caregivers do not systematically differ to SL-SL1
caregivers. Details of the matching process are discussed in section 5.3. I also confirm
the robustness of the results by including only CL2-3 caregivers into the control group
(Appendix Table A.3).
5.3 Empirical Strategies
I apply the difference in difference (DID) approach (Rosenbaum and Rubin, 1983;
Heckman, Ichimura, and Todd, 1997) to examine the effects of the LTCI introduction
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and amendment on caregivers’ LFP. The essence of DID method is to compare the
change in LFP Y Pt of treated respondents before and after the policy changes P of the
LTCI system E(Y 1t+s− Y 0t |P = 1) to a counterfactual change E(Y 0t+s− Y 0t |P = 1), as
if they were not affected by the policy changes. The counterfactual change, in turn,
is an actual change for controlled respondents, i.e., E(Y 0t+s − Y 0t |P = 0) if a common
trend assumption E(Y 0t+s − Y 0t |P = 1) = E(Y 0t+s − Y 0t |P = 0) is satisfied.
The common trend assumption indicates a crucial criterion for DID method, that is,
treatment and control groups should be randomly assigned. In practice, researchers
often utilize a similar criterion that the two groups should be determined by nature or
by uncontrollable factors (Heckman, Ichimura, and Todd, 1998). When I assess the
influence of the LTCI introduction on LFP, ideally, control group shall be caregivers
randomly or naturally extracted to experience in the absence of LTCI. Similarly, when
I assess the influence of LTCI amendment on LFP, the ideal control group shall be
the SL-SL1 caregivers randomly selected to receive benefits at the pre-amendment
level. In the case of such randomizations, simply comparing the LFP between treat-
ment and control groups yields average treatment effect on the treated (ATT); and
changes in ATT after LTCI policy changes correspond to the changes in spillover ef-
fects. Unfortunately, it is impossible to do so since the Japanese LTCI is a universal
coverage system; and it is unethical to select old persons randomly to receive benefits
at different levels.
To make the common trend assumption more creditable, alternatively, I extract the
controlled respondents to match the treated ones based on their similarity in terms
of propensity scores. The propensity score p(P = 1|X) measures the probability of
being treated conditional on a set of covariates X, where only controlled respondents
with propensity scores overlapped within a bandwidth to those treated are extracted
for DID estimations. In this study, such propensity score matching (PSM) process is
conducted separately for gender- or age-specific subsamples. Specifically, the sample
is divided into male and female cohorts; and into cohort aged 30-49 years, aged 50-64
years, and aged 65+. Criterion for the strata is the gaps of willingness and capabil-
ity to provide care to old persons living with and to enter the labor force across the
subsamples: compared to women and older people, men and young people commonly
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have stronger willingness to work and in turn be less often to take care duties. Fur-
thermore, the PSM is conducted respectively for the introduction of LTCI in 2000 and
its amendment in 2006. In each matching process, I first derive the propensity score
using a logistic regression,
logit(ps,P ) = α0 +Xs,Pαs,P + ε. (5.1)
The subscript s = sg, sa verifies subsamples, where sg and sa represent the gender-
specific and the age-specific subsamples, respectively; P = I, A stands for policy
changes, where I for the LTCI introduction and A for the amendment. The X is a
set of covariates representing respondents’ individual and household characteristics,
as well as the health statuses of old persons being cared or co-resident with the re-
spondents. Specifically, Xsg,I includes the individual characteristics which are age in
years, marital status (four categories, married as base) , regular outpatient (yes=1),
self-rated health (five categories, very good as base), subjective symptoms (12 cat-
egories, none as base); the household characteristics which are household ownership
(yes=1), within a three-generation household (yes=1), number of household members,
and monthly household expenditures in logarithm; and the health statuses of old per-
sons which are their self-rated health (five categories, very good as base). The Xsa,I
includes almost the same covariates as those in Xsg,I , except that the age in years
is replaced by gender (male=1). In a similar fashion, Xsg,A and Xsa,A comprise a
set of individual and household characteristics, whereas the covariates here indicating
health statuses of recipients are their bedridden levels (four categories, completely
bedridden as base).5
I involve these covariates because literature suggests that factors shall be taken into
consideration for PSM as long as they are related to the probability of being treated
5For analysis of the 2006 amendment, I exclude the subjective symptoms of caregivers in PSM
due to the insufficient number of observations. As I utilize the LTC questionnaire for the second
analysis, the observations shrink considerably since only about 6,000 (or approximately 1%) out of
all respondents co-residing with recipients are extracted randomly to answer the LTC questionnaire
in each survey year. Accordingly, many of the subjective symptoms are lack of sufficient observations
to provide statistically significant results. For instance, merely 59 and 33 treated male and female
caregivers report subjective symptoms on skin and gynecology, respectively. On the other side,
the observations for self-rated health are comparatively adequate for analyses and previous studies
confirm that self-rated health could be one of the most appropriate indicator to measure an individual
health status (DeSalvo et al., 2006).
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or the outcome (Austin, 2011; Brookhart et al., 2006; Garrido et al., 2014; Ho et al.,
2007). According to preceding studies, people who are women, older, with children
at home, and with small household so that being lack of caregiver substitutes are
more often to be caregivers and less likely to enter the labor force (Lilly, Laporte,
and Coyte, 2007). In the Japanese context, middle-aged people having ownership of
residences are often found to co-reside and look after their parents , indicating that
health of co-resident old persons would affect people’s LFP. Moreover, people with
unfavorable health statuses (e.g., regular outpatient) may be selected into caregiving
(Schmitz and Westphal, 2015) and stay out of labor force.
With the propensity scores, I then match and compare the outcome of each treated
respondent to a weighted set of outcomes of controlled respondents by Gaussian kernel
matching method. Specifically, the outcomes of control respondents are weighted
reversely by their distance in propensity score from that of each treated respondent,
within a bandwidth (i.e. 0.06) of the score (Heckman, Ichimura, and Todd, 1997); and
outcomes of those propensity scores locating outside the bandwidth are disregarded
(the so-called common support constraint). The kernel PSM is a quasi-experimental
design to derive ATT as if the treatment were randomly assigned. I thus can trace
















j,t+s − Y 0j,t)]. (5.2)
Here the subscript P = I, A stands for the two policy changes; i and j denote
respondents in treatment group TP and control group CP , respectively; SP represents
the area of common support, and wij shows the corresponding weight for kernel
matching. The estimators DIDI and DIDA in equation (5.2) catch the improvement
and degeneration of caregivers’ LFP with the introduction and amendment of LTCI,
after removing systematical differences between treated and controlled respondents.
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5.4 Results
5.4.1 Kernel Matching and Covariates Balancing Test
I show the sample size, the mean and median standardized differences (SD) across
all covariates (%) before and after kernel PSM (Table 5.2). Comparing the size of
matched subsamples on common support to that of unmatched ones, I confirm that
over 99 percent of the treated respondents, for both the two policy changes, have at
least one controlled respondent stay within the 0.06 bandwidth of their propensity
scores. Meanwhile, around 95 percent of the controlled respondents are matched to
someone treated.
The mean and median SD across all covariates provide a framework to test the ex-
tent to which the post-PSM subsamples are quasi-experimentally randomized. The
randomization is achieved when treated respondents are matched with highly simi-
lar controls such that the mean and median SD across all covariates shall be trivial
between treatment and control groups. Although there is no generally agreed upon
criterion as to what extent the SD implies significant imbalances of covariates, maxi-
mum SD at 10 percent is taken to signify negligible differences (Austin, 2009; Ho et al.,
2007). For LTCI introduction, the mean and median of covariates in the post-PSM
subsamples are commonly balanced, as all the SD are less than 10 percent; strong bal-
ances in covariates after PSM are confirmed for the LTCI amendment as well, where
all the SD are less than 5 percent. The overall balances in all covariates, nonetheless,
do not guarantee balance in each covariate involved. I further test the balance in
mean SD of each covariate in the post-PSM subsamples (Table 5.3-5.4).
Covariates Balancing for the LTCI Introduction. Notable differences of confounding
covariates between caregivers and non-caregivers are commonly found across pre-PSM
subsamples (Table 5.3). Generally, caregivers are overrepresented among those older,
female, widowed, have regular outpatient, with poor self-rated health and have var-
ious subjective symptoms. Besides, old persons co-residing with caregivers are more
likely to report poor or very poor self-rated health, compare to those living with non-
caregivers. All the covariates are balanced in post-PSM subsamples, i.e. mean SD <
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10 percent.
Gender- and age-specific differences are found for several important covariates. Com-
pare to non-caregivers, male caregivers are more often to be single and report very
poor self-rated health, meanwhile being less often to possess house ownership, having
smaller family size and lower monthly household expenditure; such imbalances are not
confirmed for females. In Japan, once men got into marriage, they tend to transfer
care duties to their wives; and single men usually have no choice but to take the duties.
Regardless of age, the female/male ratio of caregivers is overwhelmingly higher than
that of non-caregivers. Age-specific differences reveals that caregivers aged 30-49 are
overrepresented among those single, while those older than 50 years report oppositely.
Covariates Balancing for the LTCI amendment. Still, treated respondents differ sys-
tematically from those controlled before the PSM. Specifically, the SL-SL1 caregivers
are overrepresented among those who are male, younger, and having their own houses,
compared to the CL2-5 caregivers (Table 5.4). Also, old persons cared by SL-SL1
caregivers report notably higher likelihood in being independent and lower likelihood
in severe bedridden, which indicates that the SL-SL1 caregivers are with lower care
burden than CL2-5 ones.
Gender differences are confirmed as well. Male SL-SL1 caregivers are more often to
be single compared to the CL2-5 ones; whereas their female counterparts are fairly
balanced in terms of marital status. I verify that single males in Japan take the care
duties because of being lack of substitutes, and here I further know that they are more
often to care old persons with mild care needs. All these imbalances diminish after
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5.4.2 Positive Spillover Effect of the LTCI Introduction
After PSM, I assess the effect of LTCI introduction on improving caregivers’ LFP
(Table 5.5). Compared to the matched non-caregivers, female caregivers are 10.3
percent less likely to work before the LTCI introduction in 2000; worse still, male
caregivers are 25.4 percent less likely to work. The disadvantage in female caregivers’
LFP is in line with preceding literature in Japan (Oshio and Usui, 2017), and the
worse LFP for male caregivers build on the related research with two points. First,
men in Japan do reduce their labor force commitment for caregiving activities. This
potential labor force loss is not negligible regarding the fact that over one third of the
Japanese caregivers are male (MHLW, 2013). More importantly, men are more likely
to quit labor force once they take the care duties. In my case, the reduced likelihood
of working for male caregivers are twice as much as that for females.
The disadvantages in caregivers’ LFP are largely mitigated with the introduction
of LTCI. DID-PSM estimators find that LTCI does improve LPF of caregivers, in
particular for males. Commonly, men have stronger labor force attachment than
women; meanwhile, men take care duties mainly because of being lack of caregiver
substitutes. This indicates that LFP of male caregivers would be more sensitive to the
formal services than females. Specifically, with the LTCI introduction, male caregivers
become 15.8 percent more likely at enter the labor force, five times as much as the 3.7
percent for females.
The enhanced LFP for female caregivers is important as well. Last decades have seen
an increasing number of Japanese women being highly educated and employed as full-
time workers. For them, balance between work and caregiving is more stressful than
that for traditional housewives (Hashizume, 2010). According to Ministry of Internal
Affairs and Communications (2013), 80.5 percent of caregivers who quit their jobs are
female, and merely 17.7 percent of them would re-enter the labor force. The success
of LTCI on encouraging female caregivers to join in labor force is a good lesson for
other polices aiming to stimulate women’s LFP.
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Regardless of age, caregivers show lower likelihoods of working before the LTCI intro-
duction; and such disadvantage goes three times wider for caregivers aged 30-49 than
for those aged 65+. In fact, 82.8 percent of the non-caregivers aged 30-49 are in work,
verifying strong labor force attachments among this cohort (Table 5.5). The high LFP
of young people, however, is fragile with respect to the decision to provide caregiving.
As previously mentioned, young caregivers are usually less wealthy and with small
household sizes. Their unfavourable socio-economic statuses—being unable to pay for
the formal services without LTCI and short of caregiver substitutes—lend themselves
no choice but to take the care duties. Thereby, these young caregivers would be more
sensitive than older ones to the formal services and financial support from the LTCI.
Indeed, the LTCI stimulates LFP of caregivers in all age cohorts. As expected, young
caregivers aged 30-49 report the largest improvement—8.7 percent—in likelihood of
working. Caregivers aged 50-64 and 65+ also have better chance to work after the
LTCI introduction, where the magnitude shrinks with age. It is well-known that
Japanese people approaching to retirement or being retired, compared to other de-
veloped countries, have stronger willingness to enter the labor force (Williamson and
M, 2007). The leading reasons for late middle-aged and old Japanese to work are
to maintain favourable living standards and to achieve self-satisfaction (Cabinet Of-
fice, 2006a). Regarding their physical conditions, old Japanese usually prefer to start
part-time jobs in their post-retirement lives.
Old caregivers, however, may find themselves difficult to enter the labor force, as they
often face immediate family members with intensive care needs (i.e. spouses). The
formal care services releases old caregivers from daily caregiving, and the flexible work
schedules of part-time jobs make their LFP practical. With the rapid population
aging, public policies have been dedicated to motivating people approaching/post
retirement to remain/re-enter the labor force (Clark et al., 2015), where I verify that
the LTCI is practical to stimulate caregivers’ LFP during their middle and late stages.
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5.4.3 Negative Spillover Effect of the LTCI Amendment
I further investigate the potential negative effect of LTCI amendment on LFP with
the PSM subsamples (Table 5.6). Compared to the matched counterparts supporting
CL2-5 recipients, male SL-SL1 caregivers do not report better chance to work in years
before the amendment. For men, despite the large margin in LFP between caregivers
and non-caregivers, the margin is trivial regarding care intensity within the caregivers.
In contrast, female SL-SL1 caregivers are 9.4 percent more often to work than the CL2-
5 counterparts, indicating that LFP of women is sensitive not only to the entrance in
care but also to the care intensity.
Nonetheless, this advantage in LFP vanishes completely after the amendment. The
DID-PSM estimator shows a 7.7 percent decrease for female SL-SL1 caregivers to
work. The most straightforward reason is the reduced benefits for their recipients,
among which the loss of housekeeping services particularly obstructs them to join in
labor force. In fact, provision of housekeeping accounted for the largest share in at-
home services before the amendment (Tokunaga, Hashimoto, and Tamiya, 2015). The
housekeeping services would free female caregivers from the predicament of balancing
work, caregiving, and housekeeping, as fail to manage housework is a stigma among
Japanese women (Kumagai, 2010). Accordingly, female SL-SL1 caregivers have to
reallocate their time in years post-amendment to cover the vacancy of housekeeping
services, for whom the practicable way to overcome the difficulty is to relinquish work
opportunities.
Regarding the age-specific subsamples, SL-SL1 caregivers aged 30-49 are 19.9 percent
more likely to work than the matched CL2-5 counterparts before the amendment; also,
a higher 13.9 percent probability of working is confirmed for those aged 50-64. Like
female caregivers, the LFP of young and middle-aged caregivers are sensitive to the
both the care entrance and the care intensity. On the other side, LFP of caregivers
65+ appears to be independent to care intensity.
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The advantages disappear after the amendment, where DID-PSM estimators reveal
lower probabilities at 21.4 percent and 11.8 percent of being in work for SL-SL1
caregivers aged 30-49 and 50-64, respectively. For young caregivers, the degeneration
in LFP overturns the original advantages. As mentioned above, young caregivers
are less wealthy, such that the reduced upper limit of allowance in the amendment
strongly discourages them from participating in labor force. After all, providing care
by oneself is the most convenient way to avoid extra-payment for the formal services.
However, it would be a vicious circle for these young caregivers to be outside of the
labor force, as they may find themselves unable to afford formal care at the time when
they became old and be in care needs.
To this end, the findings reveal a hidden cost of the LTCI amendment: the work
opportunities that caregivers forego when they reallocate their time to provide in-
formal care. Including unpaid family caregivers to fulfill caregiving obligations, the
amendment may curtail expenditures on LTCI in a short run. From a long run per-
spective, nonetheless, such policy would have significant damages on labor forces and
economies, and the adverse consequences may extend beyond the direct caregiving
period. In 2014, the Japanese government announced a new amendment on LTCI
to contain the costs with further restrictions on benefits for SL1 and SL2 recipients
(MHLW, 2014). I draw attention to adverse influences on LFP of such myopic poli-
cies, as expanding labor market supply to sustain the economy would be a priority
for Japan in the coming decades.
5.5 Concluding remarks
In this chapter, I first show the significant and positive spillover effects of the LTCI
introduction on caregivers’ LFP. Parallel family policy in Japan attempting to improve
LFP of caregivers for children (i.e. Child Care and Family Care Leave Act) is found
with little success (Asai, Kambayashi, and Yamaguchi, 2015). The success of LTCI on
stimulating caregivers’ LFP is intuitive in the context of super-aged society, regarding
the increase in caregivers for frail old persons. the finding is in line with previous
studies in Japan, but differs from that in western countries. Geyer and Korfhage
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(2015) and Carmichael and Charles (2003) find negative effects of LTCI on LFP in
Germany and UK, due to the cash allowance that attributes to caregivers’ nonwage
income. The Japanese LTCI with benefits in kind would provide a good implications
to other countries where encouraging caregivers’ LFP is a priority.
Furthermore, I confirm the negative spillover effects of the LTCI amendment on care-
givers’ LFP. This is the first evidence verifies that caregivers’ LFP would be deterio-
rated when formal services become insufficient, which in turn underlines the impor-
tance of LTCI on improving LFP. Further research with concrete cost-benefit analyses
is necessary to assess the monetary loss/gain of the amendment comprehensively.
Gender differences are found regarding the spillover effect of LTCI on LFP, which
calls attention that policies aiming to stimulate LFP shall be formulated separately
for men and women in Japan. Specifically, policies reducing risk of care provision for
men would be effective to promote their LFP; and policies reducing care burden for
women would help them remain in labor force. Also, policy makers shall take age
differences into consideration. Young people are highly sensitive to both the entrance
and the intensity of caregiving, for whom a comprehensive policy is required. For
late middle-aged and older people with intensive care provision, releasing their care
burden is an urgent priority. A common part of the policies, nonetheless, would be
to improve flexibility of work schedules and to provide rich supports in caregivers’
workplaces.
This research suffers several limitations. The first limitation is a concern regarding
the kernel propensity score matching method on addressing the endogeneity. Since
the matching accounts for observable covariates, unobservable influences still may re-
main in the model. Researchers try to tackle the issue with IV method using family
characteristics such as number of siblings or parental health as instruments (Heit-
mueller, 2007; Van Houtven, Coe, and Skira, 2013). Further analyses with Japanese
data using the IV method are required for a cohesive picture of the spillover effect
of LTCI. Besides, I exclusively concentrate on extensive LFP margin (i.e. being in
work) in current study. In their recent studies, Bolin, Lindgren, and Lundborg (2008)
and Van Houtven, Coe, and Skira (2013) measure the impact of caregiving on not
only the extensive LFP margin, but also the intensive margin (i.e. working hours)
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and wages. Further research in Japan is necessary for such clarifications. The third
shortcoming lies on the identification of treatment and control groups due to the uni-
versal coverage LTCI system. Public policies in the United States frequently differ
across states, making evidences by comparing outcomes with states nearby concrete;
yet, such policy setting is not practical in Japan. Finally, the findings may suffer
from selection bias since I could observe only the caregivers of non-institutionalized
recipients. Further studies that include recipients institutionalized and utilize more
plausible randomization of treatment are necessary to clarify the spillover effect of
LTCI on stimulating LFP.

















































































































































































































































































































































































Moral Hazard in Long-term Care
Insurance Market
This Chapter documents the presence and magnitude of moral hazard in Japan’s LTCI
market using 120-month claim records covering the entire market. The subsample is
extracted as-good-as random by applying propensity score matching method. The re-
sults show 0.98 million yen higher lifetime cost of LTCI with respect to a reduction in
co-payment rate from 10% to 0. Morally motivated insureds require a broader range
of services, and have longer days of utilization than others do. In addition, that the
magnitude of moral hazard in LTCI is larger than what studies observed in health
insurance markets is confirmed, which could be explained by increased predictability
of care needs, combination of unfavorable health and cautiousness of insureds, and the
highly price-sensitive measurement for moral hazard. Furthermore, moral hazard cor-
relates positively with ex-ante health risks. The positive correlation indicates a larger
moral hazard in public LTCI than what is observed in private LTCI, since mandatory
enrollment may enlarge the ex-ante risks. Emphasis is placed on regulations that
guide insureds toward efficient service utilizations. Policies reducing ex-ante health
related risks, such as preventative health care programs in young and middle-aged
generations, would also effectively restrict moral hazard.
The remainder of this Chapter is organized as follows. Section 6.1 introduce the
objective and Section 6.2 briefly introduces Japan’s public LTCI and the moral hazard
issue therein. Section 6.3 presents the estimation strategy. Section 6.4 describes the
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data and measurements. Section 6.5 discusses the results, while section 6.6 concludes
the research.
6.1 Introduction
Moral hazard has been repeatedly demonstrated to be the cause of market distor-
tions. Health insurance (HI) markets in many countries, for instance, are found to be
plagued with it, and operate inefficiently with soaring expenditures (Antwi, Moriya,
and Simon, 2015; Barros, Machado, and Galdeano, 2008; Finkelstein, 2007; Keane
and Stavrunova, 2016; Liu, Nestic, and Vukina, 2012; Taubman et al., 2014). Moral
hazard, in the context of health economics, refers to insurance reduction of out-of-
pocket prices faced by insureds, leading to inefficient use (overuse) of services in the
market (Manning and Marquis, 1996).
This overuse emerges whenever the demand is price-elastic. Thus, extensive HI lit-
eratures focus on testing whether insureds with lower cost sharing would have larger
demand on services, which could be measured by numbers of physician visit, days of
inpatient, costs per visit, and so on (Zweifel and Manning, 2000). The magnitude of
the moral hazard could provide policymakers valid evidences on the size of welfare
loss, and consequently, the effectiveness of cost containing policies (Manning et al.,
1987). However, compared to HI markets, fewer studies have evaluated the effect of
moral hazard in long-term care insurance (LTCI) markets (Cremer, Lozachmeur, and
Pestieau, 2016; Finkelstein and McGarry, 2006). This may be largely because LTCI
markets—even in developed nations like the United States or Germany—continue to
be relatively smaller than HI markets in terms of proportion of public expenditure to
GDP (Brown and Finkelstein, 2007; Francesca et al., 2011). Given the current state
of rapid global aging, the LTCI market size, in turn, is expected to expand in the
coming years, increasing the importance of investigating moral hazards in it.
Additionally, the LTCI market in super-aged and aged nations1 like Japan and Nether-
lands already has been a major component of the social security system (Francesca
1According to the World Health Organization and the United Nations, “Aging society,” “Aged
society,” and “super-Aged society” are defined as proportion (%) of population aged 65 and above
(65+) >7%, % of 65+>14%, and % of 65+ >21%, respectively.
Chapter 6. Moral Hazard in Long-term Care Insurance Market 107
et al., 2011). In response to the increasing LTC services demand among aged groups,
Japan introduced public and mandatory LTCI with universal coverage in 2000 (Camp-
bell and Ikegami, 2000). Approximately 21.5 million aged individuals (with 97.2%
aged 65 and above) were enrolled during the launch, 84.4% of whom used the services
within the year, costing roughly US$ 32.4 billion (MHLW, 2015). Since then, the
market has rapidly expanded further, and faster than those of other nations have. In
2012, Japanese public expenditures for LTCI (US$ 792.9 billion) were three times as
much as the total LTC expenditures in the United States (US$ 219.9 billion), and six
times as much as Medicaid expenditures (US$ 134.1 billion) (National Health Policy
Forum, 2014).2
The public LTCI in Japan is comprehensive and generous—both at-home and insti-
tutional services are available to the people.3 The LTCI eases the burden on family
caregivers, and in turn, increases their workforce commitment. It also alleviates social
hospitalization4 (Fu and Noguchi, 2016; Iwamoto, Kohara, and Saito, 2010). On the
downside, drastic increase in public expenditure on LTCI has been of great concern
for fiscal sustainability of the system (Ogura and Sumi, 2012). During the first five
years, the LTCI annual costs increased by 174%, accounting for US$ 56.4 billion.
Furthermore, the costs per capita rose 153% to approximately US$ 2,171.2 (MHLW,
2015).
In Japan’s (and many other nations’) HI market, one standard policy to reduce inef-
ficient public expenditures is to impose higher cost sharing (Kan and Suzuki, 2010;
Matsuura and Sasaki, 2012; Shigeoka, 2014). Likewise, from August 2015 onward,
to control the LTCI costs, the Japanese government increased the co-payment rate
from 10% to 20% among insureds with comparatively high individual income(MHLW,
2Medicaid LTC covers nursing home services, community based services, and personal care for
older individuals who do not have sufficient accumulation in assets, and need services beyond what
their families can provide.
3At-home services include housekeeping, bathing, visiting nurse, rehabilitation, day services, short-
stay service/care, medical care management counseling, welfare devices leasing/purchasing, and home
renovation; institutional services cover nursing homes, as well as chronic-care hospitals.
4Social hospitalization refers to a social phenomenon in Japan in the late 20th century wherein
old Japanese individuals with LTC needs improperly overused medical services. Many of old persons
in LTC needs were first admitted for acute care, whereas their families refused to discharge them
from hospitals because they were unable to provide corresponding long-term care at home (Ogura
and Sumi, 2012).The inpatient days of frail old individuals were abnormally long, leaving insufficient
resources to acute care. It also loaded great fiscal burden, since the hospital care was offered for free
during 1973 to 1983.
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2016). This arrangement reflects the belief that moral hazard occurs in the LTCI
market; that is, insureds’ overuse of services is a result of low out-of-pocket price.
To the best of my knowledge, however, there is no quantitative evidence of a moral
hazard effect in Japan’s LTCI market. If the price elasticity is, for example, zero, then
an increase in co-payment rate is not necessary to prevent the rise of a moral hazard
from the LTCI provision. To help assess the appropriate co-payment level, there is an
urgent need for evidences to ascertain if co-payment rates affect service utilization in
the market.
Despite of numerous evidences from the HI market, the magnitude of moral hazard
therein may not be applicable to LTCI. A major difference between the two markets
is the insureds’ health status. HI covers entire populations under the system of uni-
versal coverage, while LTCI insures particularly old individuals. This indicates that,
compared to HI, LTCI insureds are commonly frailer, presumably due to health is-
sues, such as heart attack or stroke. Taking this into account, moral hazard in the
two markets could be affected in different ways by insureds’ individual preference and
socio-economic status (SES). Risk tolerance, specifically, is one of the major inter-
ests in literature on HI, which is found to correlate positively with the magnitude
of moral hazard (Chiappori, Durand, and Geoffard, 1998; Rothschild and Stiglitz,
1976; Zweifel and Manning, 2000). For instance, cautious people—those with low
risk tolerance—tend to overestimate health risks, and thus, increase health invest-
ment, ultimately avoiding events that lead to health issues. Therefore, at a same
level of cost sharing, cautious individuals might require less health care than those
tolerable to risks because their aggressive health investment behavior could result in
better health compared to incautious and reckless individuals. In the LTCI market,
however, cautiousness may have the opposite effect because of the frailty of insureds.
Cautious, frail, and old individuals may overestimate their functional disability, and
require services to support daily living more frequently. Since older individuals are
commonly cautious (Halek and Eisenhauer, 2001), the combination of frail health and
cautiousness may increase, rather than reduce, the moral hazard in the LTCI context.
In addition, LTC needs are more predictable compared to the demand for health care
(e.g., treatments in emergency room). From a lifetime perspective, it appears to be a
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common knowledge that people would need some form of long-term care in their later
life. In the short-run, according to Japan’s LTCI, types and amounts of services are
scheduled before provision. Therefore, the reduced uncertainty of LTC needs allows
insureds to increase unnecessary service utilization, which engenders larger moral
hazard compared to HI market case. On the other hand, it might allow insurers to
control service provision easily, which suppresses accelerated moral hazard. Thus,
the equilibrium in LTCI market may look different from the one observed in the HI
market.
Regarding the issue within LTCI markets across various nations, characteristics of
Japan’s public LTCI—mandatory enrollment and uniformed service price—may yield
a larger moral hazard effect than private LTCI does (Finkelstein and McGarry, 2006).
Public insurance policies can drive out adverse selection; it cannot, as widely demon-
strated, battle moral hazard (Boone, 2015). According to Cutler and Zeckhauser
(2000, pp. 588), “government insurance policies . . . may engender just as much moral
hazard as private insurance policies.” However, the authors evaluate the issue without
considering possible impacts from changes in health behaviors arising from provision
of public insurance. People tend to reduce prevention activities in health when they
are covered by insurance than when they are not; the risk occurs ex-ante in public
insurance (Cutler and Zeckhauser, 2000). In the context of Japan’s LTCI, manda-
tory enrollment allows people to know exactly when and how they would be enrolled.
Furthermore, uniformed prices allow them to acquire information on how much they
might spend. Consequently, public LTCI insureds may lose incentive in the earlier
stages of life to prevent them from functional disability of daily living than insureds in
private markets who face uncertainty in coverage and expenses. Intuitively, reduction
in health investment leads to heavier deteriorations in health during the years before
LTCI enrollment. If insureds with worse health status are more sensitive to change in
co-payment rate (as they need more LTC), it is plausible to suppose that the higher
ex-ante health risks in public LTCI would result in larger moral hazard compared to
what is observed in private markets.5
5Literature shows effect of ex-ante risks, such as changes in health behaviors, would be trivial in
private insurance markets. According to Cutler and Zeckhauser (2000, pp. 577), "the extent of moral
hazard in terms of actions that affect health may not be large for health insurance in most instances,
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Taken together, moral hazard in Japan’s public LTCI market would differ from what
is examined in HI and private LTCI markets. The major objective of this study,
therefore, is to evaluate its presence and magnitude using the national claims records
of Japan’s LTCI. I demonstrate that moral hazard emerges in LTCI market in terms of
a 46% increase in lifetime LTC costs with a reduction of co-payment rate from 10% to
0. I further confirm that the moral hazard in LTCI market appears to be stronger than
what is found in the HI market. In addition, I reveal that it also associates positively
with ex-ante health risks, which raises a policy concern, since public insurance is
supposed to enlarge such risks. The findings could have broad implications for the
rapidly aging world by providing valuable data for governments planning to launch
public LTCI. Others could subsequently use these results as a reference to evaluate
private LTCI markets.
6.2 Moral Hazard in Japan’s Public LTCI
Japan ages the fastest in modern world history, leaving an increasing amount of frail,
old individuals and a soaring demand on LTC. Meanwhile, LTC needs can no more
be satisfied within households considering rising life expectancy, shrinking multi-
generations households, and increasing number of working women (MHLW, 2002).
Public LTCI is thus expected to be the solution. All Japanese individuals who are
40 and over are insureds (Figure 6.1). Those aged 65 and older (65+) are the main
targeted cohort, denoted as primary insureds; those aged from 40 to 64 (40–64) are
secondary insureds, respectively. Insureds pay premiums to municipalities (insurers)
every month. A self-report system is introduced for service utilization. Insureds should
apply for LTC qualifications when they are aware of care needs, where secondary in-
sureds are eligible for applying the qualification only if they suffer from aging-related
disabilities.6
since the uncompensated loss of health itself is so consequential. Thus, it would be surprising if
people smoked because they knew health insurance would cover the costs of lung cancer."
6For primary insureds, premiums are collected individually by municipalities. In 2015, monthly
premium at reference level was roughly US$ 484.5. Primary insureds earning annual income (pension
or salary) lower than about $US 7,000, paid 45-90% of the reference premium, according to their
income level. Correspondingly, primary insureds whose annual income was higher than US$ 7,000
paid 120-170% of the reference premium. For secondary insureds, premiums are deducted from
monthly salary if they are employed, and the amount is adjusted with respect to income level.
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In principal, municipalities have a gatekeeping role—they impose an eligibility test
to judge the level of care needs for insureds applying for the qualification. Due to
the lack of specialists, municipalities tend to entrust physicians (often employed by
service suppliers in the market) to implement these tests. Once insureds are assessed as
qualified, they receive a weekly scheduled care plan based on their care level certified
in the test. The care level is arranged in six categories from the mildest support
required level 1 (SL1) to the most intensive care level 5 (CL5).7
Figure 6.1: Structure of long-term care insurance.
Municipalities then entrust care managers employed by the government or service
7Physicians judge insureds’ care level on the basis of their physical and mental conditions, in
six levels of needs from the mildest support required level (SL) to the most severe care level 5
(CL5). Specifically, “SL” refers to recipients living independently, but requiring help for Instrumental
Activities of Daily Living (IADL). “CL1” recipients need more assistance in terms of IADL compared
to “SL” recipients. “CL2” recipients have additional needs with basic Activities of Daily Living (ADL)
above “CL1.” “CL3” recipients require more services than those in “CL2,” thus needing total care.
“CL4” recipients fulfill all the above-mentioned conditions and have poor functioning in terms of
ADL. “CL5” recipients find it impossible to live without care, and have stronger needs in terms of
ADL than “CL4” recipients. In 2006, the amendment re-categorized “SL2” and “CL1” into “SL1”
and “SL2,” where “SL1” applies to recipients living independently but requiring help with IADL, and
“SL2” denotes those requiring more assistance than “SL1” recipients, and might deteriorate to “CL1.”
Care recipients in “SL1” and “SL2” are eligible for preventive long-term care (PLTC) services, and
those in “CL1-5” are continuously eligible for LTC service.
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suppliers to construct care plans for the qualified insureds. Insureds can then ac-
quire services from suppliers, and share a 10% co-payment. For those receiving public
assistance, the co-payment rate is reduced to zero. As the last two steps in the struc-
ture, suppliers submit electronic claims to municipalities, and receive corresponding
reimbursements.
The structure of LTCI reveals the occurrence of the moral hazard. Since public as-
sisted insureds are eligible to use services free of cost, they are morally motivated to
require more services than regular insureds sharing the 10% co-payment. If public
assistance were randomly assigned to insureds, the LTC costs gap between the two
groups of insureds should indicate the magnitude of moral hazard. However, the def-
inition of public assistance per se violates the randomness. Unfavorable SES’s are
generally found among public assisted insureds; meanwhile, these characteristics cor-
relate positively with service utilization. For instance, individuals in poor SES are
more likely to be unmarried (Schneider and Hastings, 2015). Once they become frail,
their SES further lowers, and they have fewer number of family caregivers who may
provide informal care. In a case where public assisted insureds depend exclusively on
formal care services because they have few alternatives to satisfy care needs, naïve es-
timation by taking the difference between insureds with and without public assistance
would overestimate the moral hazard.
To address the issue, a traditional method is using instrumental variables (IV) (Savage
and Wright, 2003). According to Barros, Machado, and Galdeano (2008), however, it
is difficult to justify the appropriateness of the IV. Recent experimental studies tackle
this by using randomly assigned cost sharing levels. Finkelstein et al. (2012) and
Taubman et al. (2014) found significant moral hazard in the Oregon Health Insurance
Experiment (Oregon HIE). Manning et al. (1987), analyzing the famous Rand Health
Insurance Experiment (Rand HIE), also confirmed the moral hazard, but the mag-
nitude seems to be moderate. Unfortunately, so far no experiment has been allowed
in Japan’s LTCI market. I alternatively apply propensity score matching method to
extract subsamples as-good-as random for evaluating the presence and the size of the
moral hazard.
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6.3 Estimation Strategy
6.3.1 Framework
I assume that a representative insured i’s LTC costs Ci is a function of ex-ante health
related behaviors Bi, moral hazard Mi, and other individual heterogeneous factors
Xi:
Ci = αBi + βMi +Xiγ + εi, (6.1)
where εi is error term with zero mean. In this specification, β captures the effect of
moral hazard on costs Ci. I assume that Mi can be measured in a binary fashion.
Insureds can then be divided into two groups—one for those with moral hazard and
one for those without. I denote the former group as treated and the latter group as
controls, corresponding to public assisted and regular insureds in the LTCI market.
Under the settings, β is included in the average difference of Ci between treatedMi(1)
and controls Mi(0),
E[C|Bi,Mi(1)]−E[C|Bi,Mi(0)] = β+γ′{E[Xi|Bi,Mi(1)]−E[Xi|Bi,Mi(0)]}. (6.2)
The identification rests on two strong assumptions. First, ex-ante health related be-
haviors are controlled for, which is reflected in individual behaviors that are difficult
to observe (Dave and Kaestner, 2009). More importantly, insureds shall be randomly
assigned across treatment such that the γ′{·} in equation (2) can be netted out; other-
wise, simply taking average costs difference yields biased estimators. Next subsection,
accordingly, attempts to address the issue by constructing quasi-experimental samples
for estimation.
6.3.2 Propensity Score Matching
As discussed above, insureds with public assistance are assigned non-randomly. RD
model is not applicable to address the issue, since the threshold of people with public
assistance—household income level—is unobservable in the data. Alternatively, I
extract insureds without public assistance to match the insureds with public assistance
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based on their similarity. The assignment can thus be regarded as random if they are
highly similar in terms of observable characteristics (in my case, X).
With a high-dimensional vector X, a propensity score function is often used since it
condenses the characteristics by reducing them to an one-dimensional score that is
sufficient for matching (Rosenbaum and Rubin, 1983). Propensity score p(·), by def-
inition, expresses the conditional probability of being insureds with public assistance
PAi(1) given the covariates Xi,
p(Bi,Xi) ≡ Pr(PAi(1)|Bi,Xi) = Φ(Bi,Xi) (6.3)
where Φ(·) is a logistic function implies 0 < p(·) < 1. It guarantees insureds sharing
identical X have same probability of being insureds with public assistance regardless
of the reality (i.e. common support). I explicitly control for the ex-ante risky health
behaviors Bi. With the distribution of propensity score, the effect of moral hazard on
lifetime LTC costs is expressed as,
β = Ep(·)|PA(1){E[Ci(1)|PAi(1), P (·)]− E[Ci(0)|PAi(0), P (·)]}, (6.4)
where Ci(1) and Ci(0) are the costs for treated and controls, respectively. The magni-
tude of moral hazard, or the average treatment effect on treated (ATT), is the average
costs difference over common support weighted by the distribution of p(·)|PAi(1).
Various matching strategies are conducted (Caliendo and Kopeinig, 2008; Dehejia and
Wahba, 2002), among which I select two that provide highest post-matching similarity
between insureds with and without public assistance (Appendix Table A.4). One is
the nearest neighbor matching where an insured with public assistance is matched
with weighted average of the first fifteen closest insureds without public assistance
in terms of the propensity score (NN15). I impose a caliper at 0.001 of the score
(C=0.001) to avoid bad matches such that close neighbors are out of them. Another
method selected is Gaussian kernel matching with a bandwidth at 0.001 (BW=0.001).
All insureds without public assistance within the bandwidth are weighted reversely
by their distances in propensity score from that of an insured with public assistance;
those locating outside the bandwidth are disregarded (Heckman, Ichimura, and Todd,
Chapter 6. Moral Hazard in Long-term Care Insurance Market 115
1998).
6.4 Data and Measurements
I use monthly LTC claims from January 1, 2006 to December 31, 2015 (120 months).
The data comprise of over 814 million claims records covering the entire Japanese
LTCI market during the periods examined. As mentioned, service suppliers submit
claims to the municipalities every month for reimbursements. The main purpose of
claims, therefore, is to record the amount of services (and the costs) utilized by each
qualified insured.
For administrative purpose, the claims also report insureds’ basic information, such as
gender, birth date, and care level at qualification and disqualification. In addition, the
claims document a timeline of utilization for each qualified insured, from the date of
qualification, first services used (if any), and disqualification. Based on this timeline, I
calculate insureds’ ages at each time node. I involve all the information as covariates in
propensity score matching for individual heterogeneity control. Particularly, I regard
care level at qualification as a proxy for ex-ante health behaviors because it reflects, to
a certain extent, the level of health risks, such as cardiovascular diseases years before
LTCI enrollment. Insureds with riskier health behaviors (e.g., smoking or excessive
alcohol intake) are thus supposed to be at higher level of care needs in the qualification
test and vice versa.
The fundamental measurement of the magnitude of moral hazard is lifetime LTC costs
(Table 6.1). For a qualified insured, her/his lifetime LTC cost (COST) is the accu-
mulated monthly costs from the date s/he starts to use services to the date of her/his
death. Compared to the prevalence of using costs within a certain utilization period
(e.g., annual costs), the lifetime costs condense dynamic incentives faced by insureds
during the full qualification period. Accordingly, an increase in the lifetime costs may
reflect accumulated moral hazard in the LTC market with more comprehensive insight
for policy arrangements.
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Around 35% of the insureds qualified as of January 1, 2006 are eventually disqualified
within the observation periods, and for whom three scenarios may occur: moving
out to another municipality8, becoming independent, or dead. I should distinguish
insureds dead from those who survived to derive the lifetime LTC costs. Thus, I link
the claims record to the death record in vital statistics.9 Over 83% of the disqualified
insureds are identified in the death record. An additional set of variables documented
in the death record—cause of death, death place, marital and work status at death,
operation and anatomy conducted or not, and region of residence at death—become
available. I have them all included as covariates in propensity score matching.
Table 6.1: Definitions of measurements for moral hazard effect.
Variable Definition
COST Lifetime LTC costs, accumulation of monthly costs over the period from
the first service use to the death
TYPE Monthly averaged types of services utilized
DAY Monthly averaged service day, where service day is an accumulation of
service utilization days over types of services within each month
CPS Monthly averaged costs per type of service utilized
CPD Monthly averaged costs per service day
After the linkage, the sample includes 1,743,374 insureds with lifetime LTC costs.
In addition, I define four measurements to decompose the moral hazard on driving
up the lifetime costs (Table 6.1). Sharing a lower co-payment rate, public assisted
insureds’ strategies to overuse services could be quantitative or qualitative, or both.
They may use larger amount of services by requiring additional type of services or by
utilizing services more frequently. I measure such quantitative strategy by monthly
averaged types of services utilized (TYPE) and monthly averaged service day (DAY).
Alternatively, public assisted insureds may tend to ask for services with higher prices
8Insureds moving out to another municipality lose their qualifications in the previous residences
and obtain new qualifications in the current residences. Therefore, they are found to “lose” qualifi-
cations even though they continue utilizing services.
9The linkage method is one-to-one exact matching regarding a set of identifiers: prefecture, mu-
nicipality, district, birth date, death date (date of disqualification in the claims), and gender.
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to improve the quality. Monthly averaged costs per type of service (CPS) and per
service day (CPD) measure such qualitative strategy. All measurements are supposed
to correlate positively with moral hazard.
6.5 Results
I first review differences of the measurements between non-public assisted and public
assisted insureds (Table 6.2).
Table 6.2: Descriptive statistics.
Variable Public assisted insureds Normal insureds
N Mean (SD) N Mean (SD)
COST 2,081 2.04 (3.3) 1,741,293 3.17 (5.1)
TYPE 2,080 1.29 (0.9) 1,741,293 0.97 (0.8)
DAY 2,080 18.2 (15.2) 1,375,174 14.06 (12.8)
CPS 1,783 76.51 (91.4) 1,375,287 66.93 (91.7)
CPD 1,783 6.93 (4.2) 1,375,174 6.9 (4.2)
Notes: Insureds with public assistance are treated and normal insureds are controls for
estimation. “COST” stands for lifetime LTC costs, accumulation of monthly costs over
the period from the first service use to the death, “TYPE” for monthly averaged types
of services utilized, “DAY” for monthly averaged service day, where service day is an
accumulation of service utilization days over types of services within each month, “CPS”
for monthly averaged costs per type of service utilized, “CPD” for monthly averaged
costs per service day. COST unit: million yen; CPS/CPD unit: thousand yen. “N”
stands for number of observations; “SD” for standard deviations in parentheses.
The observation number varies substantially across the treatment, where treated in-
sureds with public assistance account for only 1.2% of the sample.10 Furthermore,
10In data including insureds right concerned (i.e., survived at the end of observed data period),
insureds with public assistance account for 0.8%. The proportion is slightly lower than it in the
sample, which indicates that public-assisted insureds are less likely to survive than normal insureds.
Thus, the estimators may be biased, since I concentrate exclusively on insureds who were dead by
the end of the data period. I return to this in the paper’s conclusion.
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public assisted insureds report 1.13 million yen (approximately US$ 10,000) lower
lifetime LTC costs than non-public assisted insureds. Regarding the types of services
used and service days, however, the situation is reversed. In each month, public as-
sisted insureds tend to use a wider range of services for more days compared to those
who share 10% of the fees. The contradictory statistics indicate that insureds with
public assistance tend to use services intensively during comparatively short periods.
In order to control for the confounding factors, I include age at qualification and
at death in propensity score matching. Note that the descriptive statistics do not
reflect the magnitude of moral hazard, because the public assistance is assigned non-
randomly. Propensity score matching in the next subsections attempts to address the
issue by eliminating systematic differences across the treatment.
6.5.1 Post-matching Covariates Balance
Table 6.3 summarizes the overall balance of covariates before and after the NN15 and
kernel matching.
Table 6.3: Overall measures of covariate imbalance before and after matching.





Rubin’s B Rubin’s R
Unmatched 1,743,374 11855.2 0.000 33.3 16.2 329.8* 0.47*
NN15 1,648,503 21.05 0.992 1.1 1.1 14.8 1.32
Kernel 1,648,503 12.84 1.000 1.1 0.9 11.6 1.06
Notes: Two out of twenty matching strategies are selected to estimate moral hazard effects since
they achieve the strongest sample balance (Appendix Table A.4) “N” stands for observation
number, “LR” for likelihood-ratio statistics of the joint insignificance of all the covariates, “p-
value” for corresponding p-values of the test. Mean(Median) % bias is a summary indicator of the
distribution of the standardized difference of the overall sample mean(median) across treatment.
Generally, maximum bias at 10 percent is taken to signify negligible differences (Austin, 2009).
“Rubin’s B” is the absolute standardized difference of the means the propensity-score linear index
in the treated and matched controls. “Rubin’s R” is the ratio of treated to matched controls
regarding the variances of propensity score index.Rubin (2001) recommends that B be less than
25 percent and that R be between 0.5 and 2 for sufficient balances. * if B>25, R outside [0.5; 2]
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Although the pre-matching sample suffers from severe imbalance, I fail to reject joint
insignificance in post-matching subsample. This implies that the non-public assisted
insureds extracted for analyses are systemically indifferent from the public assisted
insureds (Austin, 2009; Austin, 2011; Ho et al., 2007); that is, the post-matching
subsample is quasi-experimentally randomized. The randomness is also proved by the
1-percent-level mean and median % biases, the Rubin’s B(R) in favorable ranges, and
the highly overlapped post-matching propensity scores (see Appendix Figure A.1).
Next, I test the balance of each covariate in terms of mean % bias (Table 6.4). Al-
though there is no commonly agreed upon criterion as to what extent the mean bias
stands for significant imbalances, the maximum at 10% is taken to signify negligible
differences (Austin, 2009; Austin, 2011). Notable differences are confirmed across
treatments in the pre-matching sample. Public assisted insureds are more often male,
and receive operation/anatomy at death. In addition, the age at which public assisted
insureds apply qualification for LTC is approximately six year earlier than non-public
assisted insureds. However, they, on average, utilize the services only for 1.46 years or
one-third of the duration non-public assisted insureds have. A possible explanation
for this is the unfavorable health status at qualification—public assisted insureds are
overrepresented among those qualified at care level 3 and over, and dead because of
malignant neoplasm. As expected, they are also more likely to have lower SES—higher
likelihood of being single, not working, and dead at home—than non-public assisted
insureds. All the systematic differences are eliminated in post-matching subsample
(i.e., mean bias < 5%) regardless of matching method.
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6.5.2 Moral Hazard in LTCI
Table 6.5 reports the magnitudes of moral hazard when matching is conducted on a
wide set of covariates. The results are robust across the matching strategies. Public
assisted insureds—for whom marginal cost of LTC services is zero—have an average
of 0.93 or 0.98-million yen higher lifetime LTC costs (or a 46% increase) than those
who share 10% of the fees. In light of the average lifetime costs of non-public assisted
insureds, the increase corresponds to an elasticity of lifetime LTC costs with respect
to out-of-pocket price at -0.47 or -0.44 (= (0.98/2.06)/(-0.1/0.1) or = (0.93/2.09)/(-
0.1/0.1)).
Table 6.5: Magnitude of moral hazard.
Kernel NN15
Control mean ATT S.E. Control mean ATT S.E.
COST 2.06 0.98 (0.03) *** 2.09 0.93 (0.03) ***
TYPE 0.74 0.51 (0.02) *** 0.76 0.52 (0.03) ***
DAY 10.05 7.88 (0.37) *** 9.89 8.04 (0.37) ***
CPS 62.43 14.67 (2.90) * 62.89 14.22 (2.54) **
CPD 5.55 0.44 (0.11) * 5.53 0.45 (0.11) *
Notes: Two out of twenty matching strategies are selected to estimate moral hazard effects
since they achieve the strongest sample balance (see Appendix Table A.4). “Kernel” stands
for Gaussian kernel matching with a bandwidth at 0.001, “NN15” for the nearest neighbor
matching with fifteen nearest neighbors within a caliper at 0.001. “COST” stands for lifetime
LTC costs, accumulation of monthly costs over the period from the first service use to the
death, “TYPE” for monthly averaged types of services utilized, “DAY” for monthly averaged
service day, where service day is an accumulation of service utilization days over types of
services within each month, “CPS” for monthly averaged costs per type of service utilized,
“CPD” for monthly averaged costs per service day. COST unit: million yen; CPS/CPD unit:
thousand yen. Robust standard errors in parentheses; ***, **, * denote statistical significance
at the 1-percent, 5-percent, and 10 percent level, respectively.
The demand on LTC services appears to be inelastic to price. However, as expected,
the magnitude is still larger than that found in HI markets. In the United States,
Rand HIE reveals a price elasticity of total medical spending at -0.2 when co-payment
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rate rises from 0 to 25%, around half as much as what I find in the LTCI (Aron-Dine,
Einav, and Finkelstein, 2013; Zweifel and Manning, 2000). Oregon HIE finds a 39%
increase in list charges of treated insureds—8-percentage point lower than the findings
(Finkelstein et al., 2012). In Japan, studies also provide convincing evidences of price
insensitive demand on medical care, with price elasticity from around -0.06 (Kan and
Suzuki, 2010) to -0.18 (Shigeoka, 2014)—less than half to what I find. There is also
evidence of moderate moral hazard in HI among other countries. Germany has a 35%
decrease in medical expenditures by imposing a deductibles 1,500 EUR (Ortmann,
2011); China finds an increase of 12% in health expenditures at co-payment rates
between 20% and 30% (Cretin, Albert, and Jeffrey, 2006); and Australia shows an
increase being statistically indifferent to zero (Eldridge, Onur, and Velamuri, 2017).
Regarding the larger magnitude of price elasticity in LTCI, several possibilities are
worth mentioning. Literature shows that insureds in chronic conditions are more
sensitive to price than those face acute health attacks (Keeler and Rolph, 1988).
LTC needs persist over long periods, and require sustained support. LTC needs,
put differently, are routine and chronic compared to demand for medical care. In
addition, they are more predictable. Individuals may know that they would like to
have a home-visit bathing tomorrow, but cannot predict health incidents like strokes,
and pre-emptively plan for medical treatment. Taken together, the stronger moral
hazard in LTCI reflects the larger feasibility of manipulating service utilization in the
market.
Differences in insureds’ characteristics between the two markets should also be taken
into consideration. As discussed, LTCI insureds belong to a group that is sicker than
those in HI. This implies that cautiousness may not offset moral hazard in LTCI as it
works in the HI market. In fact, the findings show that cautiousness combined with
unfavorable health may generate stronger moral hazards than expected. Thanks to
the limited market size, welfare loss in LTCI may be weaker than what is calculated in
HI. Considering the further market expansion with global aging, however, I strongly
suggest regulations for proper service utilization to avoid inefficient expenditures.
LTCI’s larger moral hazard may also come from the measurement—lifetime costs—per
se. From a lifetime perspective, moral hazard may be accelerated. A qualified insured
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with public assistance is strongly motivated to start requiring LTC, since the services
are free for her/him. Once utilizing the services, s/he would further obtain knowl-
edge about the quality of services from her/his experience. If the services are more
valuable and beneficial than expected—a common case in Japan’s LTCI market—the
moral hazard will be exacerbated. The lifetime LTC costs fully condense this kind of
acceleration, and thus, they are more sensitive to price reduction than the monthly
or annual costs used among studies in HI.
Digging deeper, I notice that the strong moral hazard on lifetime LTC costs is solely
due to public assisted insureds’ quantitative strategy. Specifically, they report an ap-
proximately 69% and 89% increase in monthly averaged types of services used and
monthly averaged service days, respectively. The increases in monthly averaged costs
per service and per service day are much narrower with moderate statistical signifi-
cance—nearly 23% and 7%, respectively. Services price in the LTCI are under control
of the government. To ensure accessibility, the government fixes prices uniformly at
moderate levels. Insureds can hardly distinguish suppliers with better quality regard-
ing the prices, and thus, those public assisted find themselves difficult to implement
qualitative strategy.
6.5.3 Moral Hazard by Care Level at Qualification
So far, I confirm that moral hazard occurs in Japan’s LTCI, and the magnitude is
larger than in various HI markets. Insureds tend to overuse LTC—requiring a wider
range of services and utilizing services more frequently—once their co-payment rate
is reduced. Next, I investigate whether the effect of moral hazard varies with ex-ante
risky health behaviors insureds have taken over pre-LTCI years. As mentioned, I
apply care levels at qualification as proxy for the ex-ante risks.
As Figure 2 illustrates, I divide the post-matching subsample regarding insureds’ care
levels at qualification, and derive the measurement gaps between non-public assisted
and public assisted insureds (i.e., ATT). At a first glance, lifetime LTC costs grow
approximately linearly with initial care level regardless of treatment, reflecting an
intuitive phenomenon that insureds with higher level of care needs cost more (Figure
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6.2). However, the slope of public assisted insureds appears to be much steeper than
non-public assisted insureds. As initial care level rises, the moral hazard, or the gap
of costs, sharply expands from 0.04 million yen (statistically indifferent to zero) for
insureds in SL1 to 1.91 million yen for those in CL5.
(a) Lifetime LTC costs
(b) Monthly averaged types of services utilized (c) Monthly averaged service day
(d) Monthly averaged costs per type of service (e) Monthly averaged costs per service day
Figure 6.2: Average effect of moral hazard with care level at qualification.
The ex-post moral hazard does positively associate with ex-ante risks; that is, insureds
who take less health care in pre-LTCI periods are more sensitive to price reduction
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afterwards. As discussed, unfortunately, Japan’s public LTCI with mandatory en-
rollment may adversely enhance the probability of such ex-ante risky events. It thus
reminds us of the importance of preventative health care programs among young and
middle-aged population as cost containment policies in the LTCI market.
As shown above, I decompose the evolving moral hazard into quantitative and qual-
itative strategies. It is clear that gap of monthly averaged service day is the only
strategy that positively reacts to initial care level. Public-assisted insureds require a
wider range of services, while the excess is stable at around 0.48 over care levels at
qualification. The consistent moral hazard may be a result of restricted service types
provided in the LTCI market, such that public assisted insureds at a higher initial care
level may quickly hit the ceiling when they require additional types of services. Stable
measurement gaps are also found regarding the qualitative strategies. As discussed,
uniformed service prices largely eliminate insureds’ incentive to overuse services by
selecting services that are more expensive. Therefore, with an increase in care level
at qualification, public- and non-public-assisted insureds act in a considerably similar
pattern in terms of the monthly averaged costs per service and per service day; that
is, moral hazard therein does not significantly evolve with ex-ante risks.
However, public assisted insureds do have an alternative and simple strategy; that is,
to utilize services even more frequently. In fact, CL5 insureds with public assistance
require services over 20 days within one month, equivalent to a full utilization of
weekdays. Meanwhile, non-public-assisted insureds in CL5 report a 10-day monthly
service utilization, indicating a moral hazard at 9.8 days. The increase is 4.5 days
for insureds in SL1, indicating an overuse that is less than half of those reported in
CL5. To summarize, insureds would be more elastic to out-of-pocket price if they
exhibit riskier health behaviors, and thus, have intensive care needs at qualification.
After sharing a lower co-payment rate, the insureds may attempt to require services
frequently. To contain unnecessary public expenditures on LTCI, therefore, policies
must regulate abnormally high frequency of service utilization as a priority, similar to
preventative health care programs in earlier life.
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6.6 Conclusion
In this Chapter, I documented the presence and magnitude of moral hazard in the
LTCI market using the Japanese public LTCI’s 120-month claim records. Since in-
sureds who receive public assistance face a zero co-payment rate, they are expected
to use larger amount of services than non-public assisted insureds, who copay 10% of
the fees. By applying propensity score matching method, I overcome the empirical
challenge that public assistance is assigned non-randomly. I extract subsample being
as-good-as random for identifying the moral hazard.
I demonstrate that moral hazard emerges in the LTCI market, in terms of a 0.98-
million-yen higher lifetime LTC cost with respect to a reduction in co-payment rate
from 10% to 0. I verify that public-assisted insureds overuse services by implementing
a quantitative strategy; namely, they require a broader range of services, and have
longer days of utilization than non-public-assisted insureds. The findings show that
the magnitude of moral hazard in LTCI is larger than what studies observed in HI
markets. Increased predictability of care needs, combination of unfavorable health
and cautiousness of insureds, and the highly price-sensitive measurement for moral
hazard are considered possible explanations. In addition, I confirm that moral hazard
correlates positively with ex-ante health related risks, which indicates a larger moral
hazard in public LTCI compared to what is observed in private LTCI, since mandatory
enrollment may enlarge the ex-ante risks. I perform various robustness checks of the
results, where the estimators are robust (see Appendix Table A.5). The findings reveal
that the moral hazard issue disturbs the efficiency of the LTCI market. Furthermore,
the magnitude of this effect could be considerably large. Although the solution of
equity-efficiency tradeoff appears to be an eternal problem, I suggest policymakers
emphasize more on regulations that guide insureds to have efficient service utiliza-
tions. In addition, policies reducing ex-ante health related risks, such as promotion of
preventative health care programs among young and middle-aged generations, could
be effective in restricting moral hazard.
Nevertheless, this study is subject to certain limitations. In order to calculate the
lifetime LTC costs, I excluded insureds who are right censored at the end of the
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observed period. This indicates that the sample I used is overrepresented among
insureds who die relatively quick. The estimators, therefore, might underestimate the
effects due to the short observed period, or they might overestimate the effects, since
insureds who die quickly may require more intensive care than those censored. Further
studies using longer observation period are necessary for clarification. In addition,
the propensity score matching balances all the covariates I observed in the data, but
unobservable facts might still remain. Further studies with more comprehensive socio-
economic factors must be carried out to address the issues.
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Appendix
(a) Unmatched
(b) Kernel(BW=0.001) (c) NN15(C=0.001)
Figure A.1: Overlap of propensity scores before and after matchings
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Table A.5: Average effect of moral hazard using different matching strategies.
NN1 (no replacement)
No caliper C=0.2SD C=0.001
COST 0.943 (0.10) *** 0.974 (0.11) *** 0.946 (0.10) ***
TYPE 0.521 (0.03) *** 0.525 (0.03) *** 0.522 (0.03) ***
DAY 8.109 (0.45) *** 8.199 (0.47) *** 8.134 (0.46) ***
CPS 15.689 (3.06) 17.418 (3.24) * 15.731 (3.08) *
CPD 0.414 (0.15) 0.429 (0.16) 0.418 (0.15)
Multiple NN
NN5 NN15 NN30
COST 0.938 -0.09 *** 0.929 -0.09 *** 0.927 -0.88 ***
TYPE 0.522 -0.03 *** 0.522 -0.25 *** 0.521 -0.02 ***
DAY 7.948 -0.39 *** 8.008 -0.38 *** 7.981 -0.37 ***
CPS 15.341 -2.54 ** 14.188 -2.42 ** 14.509 -2.41 **
CPD 0.412 -0.12 * 0.454 -0.11 * 0.451 -0.11 *
Gaussian kernel
BW=0.006 BW=0.003 BW=0.001
COST 0.898 -0.09 *** 0.914 -0.09 *** 0.983 -0.03 ***
TYPE 0.492 -0.02 *** 0.506 -0.02 *** 0.509 -0.02 ***
DAY 7.392 -0.37 *** 7.663 -0.37 *** 7.876 -0.37 ***
CPS 11.773 -2.36 * 13.491 -2.37 ** 14.672 -2.9 **
CPD 0.307 -0.11 * 0.393 -0.11 * 0.438 -0.11 *
Notes: “NN1” stands for one nearest neighbor matching, “multiple NN” for multiple nearest
neighbors matching, “C” for caliper, and “BW” for bandwidth. For caliper choices, “C=0.2SD”
means that the length of caliper is 20% of the standard deviation of the propensity score. Log
scale converts zero costs into missing and I exclude such insureds from estimations. Robust
standard errors in parentheses; ***, **, * denote statistical significance at the 1-percent, 5-




Japan is old—and getting older. How it tackles the demographic challenge would
serve as a lesson for other aging countries. For the last several decades, Japan has
implemented a series of public polices to deal with crucial issues related to population
aging such as overwhelming public expenditures on social security in terms of pension,
health care and long-term care, as well as the shrinking labor force and productivity
of individual workers. Population health, in particular health status of middle-aged
and older people, appears to be the key for overcoming the difficulties.
This dissertation, accordingly, investigates two health-related topics among middle-
aged and older people in Japan. The first topic is covered through Chapter 2 to
Chapter 4, where I verify the effects of better socio-economic status on physical and
mental health of middle-aged and older people. Namely, I investigate socio-economic
determinants for extending healthy life. The second topic—discussed in Chapter 5
and Chapter 6—turns to a perspective of policy arrangements for middle-aged and
old people with unfavorable health and being in care needs.
In Chapter 2, I refine the Grossman model with endogenous health depreciation.
The refinement brings two channels to improve health. One channel promote health
directly through the accumulation process; another one does so indirectly by reducing
the depreciation rate. I find that the indirect channel is more effective for people in
good health, and the direct channel is more powerful for those in poor health. i also
demonstrate that health of older people is more sensitive to health investment than
young generation.
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In Chapter 3, I investigate the casual relations between marriage and health among
middle-aged and older people. I apply two indicators—suffering from lifestyle diseases
and self-rated health status—for objective and subjective physical health, respectively.
I first analyze the protective effect of marriage on health and confirm that being
married does improve people’ subjective health, but it deteriorates people’ objective
health. In other words, marriage makes people feel healthier. I then estimate the
reversed causality: the selective effect of health on marriage. I find better subjective
health does select people into marriage, but such an influence is fairly modest. An
interesting gender difference is found. Men with lifestyle diseases are more likely to
be selected into marriage, while it is the opposite for women. Therefore, middle-aged
and older women in Japan in poor health may find themselves difficult to tie the knot
and thus rely more on public health-care system. The findings are inconclusive but
interesting: marriage protects health, but only subjectively; although objective health
status selects people into marriage, it has contrasting effects on men and women.
Chapter 4 focuses on relation between another representative socio-economic status
and health. Namely, the relation between social network involvement and mental
health improvement. I find that involvement in social networks brings less psycholog-
ical distress among middle-aged people in Japan. Moreover, the smaller the network,
the stronger the effect. Specifically, maintaining emotionally intimate relationships
(e.g., friendship ties) and involving in networks that satisfy the ego (e.g., hobby ac-
tivities) had the strongest effect. In contrast, being involved in large network such as
community work has no clear benefits. Regarding gender difference, the effects are
commonly stronger among women than men.
To recap, Chapter 2—a “normative” investigation—illustrates the mechanism through
which health is improved by related investment. Chapter 3 and 4, focusing on health
improvement of marriage and social network involvement, provide evidences in a “pos-
itive” fashion. It is worth mentioning that the empirical evidences capture a short-run
effect of the determinants of health. Specifically, magnitude of changes in health status
within a couple of years of the event—being married, making new friends, etc.—may
be relatively milder compared to what measured in a lifetime perspective. Because of
data limitation, however, this dissertation cannot provide evidences for the long-run
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effect that shall be more significant.
In addition, various behavior changes behind a life event may affect health more
persistently than the event per se, but many of them are not unobserved in the studies.
For instance, husband becomes more likely to get up early in the morning since his
wife is a big fun of morning run. Such behavior change in daily life because of marriage
may benefit his health more constantly than simply “being married”. Therefore, effects
of life events (i.e., marriage and social network) on health status in this dissertation
are inclusively considered over a short time period.
As a final point regarding the first topic, it is important to note that direct policy
implications cannot be obtained naturally based on the results I find. I extend the
normative investigation of health promotion to positives with affirmative evidences;
in the opposite direction, however, it may be hard to provide normative suggestions
based on the evidences since the factors estimated are not policy variables. Still, let
us consider the case of marriage. It is neither practicable nor doable for policymak-
ers to launch a marriage stimulation policy simply because marriage is beneficial to
health. As discussed in the Prologue, to allocate limited resources efficiently in a
society, government may have to tag health with monetary benefit and cost. Whilst
numerous socio-economic factors affect health—like marriage—cannot be measured
unambiguously with monetary values. Even though beyond the scope of this disserta-
tion, whether it is appropriate to value health (and the related factors) monetarily and
how to deploy mechanism of resource allocation in a society are crucial issues; and the
findings in Chapter 3 and 4 uncover that many factors that policymakers could not
easily intervene do play important roles in individual and social welfare improvement.
Then, I turn to investigate a policy variable, i.e., the LTCI, to discuss the policy
arrangement for middle-aged and older people with poor health and being in care
needs. Chapter 5 concentrates on benefits of LTCI on older people’s family caregivers
in terms of better labor force commitment, where I find positive spillover effect of the
LTCI introduction on caregivers’ labor force participation, and corresponding negative
effect of the LTCI amendment. In addition, I confirm gender differences regarding the
spillover effect, which calls attention that policies aiming to stimulate labor force
shall be formulated separately for men and women in Japan. Specifically, policies
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reducing risk of care provision for men would be effective to promote their labor force
participation; and policies reducing care burden for women would help them remain in
labor force. Also, policy makers shall take age differences into consideration. Young
people are highly sensitive to both the entrance and the intensity of caregiving, for
whom a comprehensive policy is required. For late middle-aged and older people with
intensive care provision, releasing their care burden is an urgent priority.
In chapter 6, I estimate a potential cause of the urgent fiscal challenge of the LTCI: the
moral hazard issue. Specifically, I document the presence and magnitude of moral haz-
ard in LTCI market, in terms of an about 0.98-million-yen higher lifetime LTC costs
with respect to a reduction in co-payment rate from 10% to zero. I verify that public
assisted insureds overuse services by implementing a quantitative strategy. Namely,
they require a broader range of services and have a longer days of utilization than
non-public assisted insureds. The magnitude of moral hazard in LTCI, as expected, is
larger than what studies observed in HI markets. Great predictability of care needs,
combination of unfavorable health and cautiousness of insureds, and the highly price-
sensitive measurement for moral hazard are possible explanations. Moreover, I find
that moral hazard correlates positively with ex-ante health related risks. The findings
reveal that moral hazard issue disturbs LTCI market efficiency, and the magnitude
could be considerably large. Policies regulating abnormal frequency of services uti-
lization and reducing ex-ante health risks would be effective to restrict moral hazard.
This dissertation provides a more comprehensive view of the procedure of health cap-
ital accumulation as well as a better understanding of the relationship socio-economic
status and physical and mental health. The findings would be valuable for health-
related policy arrangements for preventing physical and mental health deterioration
among middle-aged and older people. In addition, this dissertation would serve good
implications for LTCI refinement. Specifically, the negative spillover effect confirmed
in the dissertation is the first to verify that caregivers’ labor force commitment would
be deteriorated when formal services become insufficient, which in turn underlines the
importance of LTCI on addressing labor shortage. The dissertation also provides clues
for policy makers about the possible reason behind the soaring public expenditures
on the LTCI and thus would be valuable for policy refinement in the future.
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